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RESALE PRICE MAINTENANCE WITH STRATEGIC CUSTOMERS
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Abstract: We consider a decentralized supply chain (DSC) under resale price maintenance (RPM)
selling a limited-lifetime product to forward-looking customers with heterogeneous valuations.
When customers do not know the inventory level, double marginalization in DSC leads to a higher
profit and lower aggregate welfare than in centralized supply chain (CSC). When customers know
the inventory, DSC coincides with CSC. Thus, overestimation of customer awareness may lead
to overcentralization of supply chains with profit loss comparable with the loss from strategic
customers. The case with unknown inventory is extended to an arbitrary number of retailers
with inventory-independent and inventory-dependent demand. In both cases, the manufacturer,
by setting a higher wholesale price, mitigates the inventory-increasing effect of competition and
reaches the same profit as with a single retailer. The high viability of RPM as a strategic-behavior-
mitigating tool may serve as another explanation of why manufacturers may prefer DSC with RPM
to a vertically integrated firm.
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1 Introduction

Resale price maintenance (RPM) is any of a variety of practices through which manufacturers
restrict resellers in the prices that they may charge for the manufacturer’s products. RPM can be
imposed explicitly as a manufacturer’s suggested retail price (MSRP or list price) or as a price floor
(minimum RPM), or the price can be set implicitly by, for example, fixing the retailer margin, see
European Commission (2010). The legal status and use of RPM has been controversial for over
a century, and evidence suggests that both the scale of RPM use and the effects on the economy
are underestimated. Overstreet (1983) provides an extensive review of RPM use for the period
when this practice was per se legal. In 1988, when RPM was illegal in the USA, the Supreme
Court adopted a wide use of the Colgate doctrine according to which a manufacturer may refuse
to deal with a retailer if it does not comply with the manufacturer’s price policy. Butz (1996)
quoted antitrust authorities arguing that RPM became “ubiquitous” and “endemic”, “but based
upon ‘winks and nods’ rather than written agreements that could be used in court.”

RPM attracted growing attention after a 2007 Supreme Court declaration that manufacturer-
imposed vertical price fixing should be evaluated using a rule of reason approach. MacKay and
Smith (2014) provide explicit evidence of RPM and comment that the firms involved in this practice
“include manufacturers and suppliers of childcare and maternity gear, light fixtures and home
accessories, pet food and supplies, and rental cars. Sony has publicly used minimum RPM on
electronics such as camcorders and video game consoles, and as of mid-2012, Sony and Samsung
began enforcing minimum RPM on their televisions. Other retailers do not comment on whether or
not they enter minimum RPM agreements, perhaps due to negative consumer sentiment associated
with higher prices.”

Manufacturers of various goods including electronic devices and seasonal goods repeatedly intro-
duce new versions of their products. The rapid pace of fashion, innovations, and change of seasons
limit the lifetime of these versions, reducing customer valuations in time. As a result, such products
may regularly appear on clearance sales. According to the National Retail Federation, the practice
of markdown pricing has followed a growing trend since 1960’s (Deneckere et al. (1997) ). When
product value is relatively durable, retailers may markdown in order to price-discriminate among
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mand even when the demand can be predicted with a high accuracy. This may happen when sales
at the list price increase with the quantity of the product exposed to customers, see, for example,
Urban (2005).

Customers accustomed to markdown pricing form expectations about future clearance sales and,
using these expectations, may engage in forward-looking or patient shopping behavior by delaying
the purchase until price reduction. The time of discount can be easily anticipated for seasonal
goods, and the size of the discount is usually predictable because it is often product specific and
expressed in round numbers (20% off, 50% off, etc.). Customers realize that delaying the purchase
may reduce the sense of novelty and their enjoyment of the product, but they still make this
intertemporal trade-off. Since forward-looking behavior is an instance of strategic behavior and we
do not consider other forms of this behavior, we use these terms as synonyms.

Starting from Coase (1972), theoretical and empirical studies confirm that strategic customer
behavior hurts sellers and may reduce profit up to 50%, see, for example, a comprehensive review
in Gonsch et al. (2013). Coase conjectured that a monopolistic seller of a durable good with a
secondary market is not able to extract monopolistic profit when strategic customers know the
total amount of the product and total demand. Even the customers with high valuations of the
product may wait until the price is reduced to the competitive level because the seller has an
incentive to sell the product in small portions reducing the price with time in order to capture
customer surplus. Such “price skimming” decreases the market value of the product for the first
buyers, and they may end up with a negative surplus. Due to the customer delays, the profit from
skimming may be significantly lower than a monopolistic profit from a one-time sale of a portion
of available product. However, the seller cannot credibly commit to the one-time sale because
customers know that the seller may have extra profit by selling an additional product after this
sale is realized. This phenomenon is referred to as “dynamic inconsistency.”

Despite broad evidence of the negative effects for sellers, Desai et al. (2004), Arya and Mittendorf
(2006), and Su and Zhang (2008) prove that when customers are strategic, a decentralized supply
chain (DSC) may enjoy a higher total profit than that of the centralized supply chain (CSC). These
studies show that the Coase problem may be solved by adding an intermediary retailer. The benefit
results from double marginalization, which, without strategic customers, leads to suboptimally low
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unit cost. This effect provides a credible commitment of the SC to a high retail price or low
quantity, which cannot be achieved for a centralized production-selling unit under the Coase setup.

Our paper complements these studies by showing that DSC with strategic customers may have
a higher profit than CSC even when the seller does not suffer from the Coase problem in its extreme
case, that is, when the secondary market can be neglected, making possible intertemporal price
discrimination, see, for example, Bulow (1982). Under price discrimination, the two-period profit
of CSC is higher than the profit if sales occur only in the first period despite the negative effect of
customer delays. This situation means that the seller does not need to commit to first-period sales.
In other words, even when CSC does not suffer from dynamic inconsistency, DSC may perform
better due to double marginalization, which, in this case, permits higher prices.

We derive this result in a two-period model for a limited-lifetime product, a contract with
RPM for DSC, and forward-looking customers with heterogeneous valuations who do not know the
retailer’s inventory level. In reality, customers often do not know inventories or may ignore this
information even when it is available. Comparison with the case of known inventory yields the value
of information disclosure or, alternatively, the value of overestimation of customers’ reaction to this
information. There are a many contracts that include RPM. In this paper we restrict attention to
contracts with a two-part tariff where the manufacturer sets both the retail price and the wholesale
price and a fixed (franchise) fee. This follows, for example, the work of Rey and Tirole (1986),
Gal-Or (1991), §5.2 of Gurnani and Xu (2006), and Rey and Vergé (2010).

Our analysis is distinct from those in the above studies because our focus is on the intertemporal
effects of strategic customers and limited life of the product. In particular, the retailer may sell
the product in both periods but must procure the total two-period inventory in the first period,
given the inputs from the manufacturer. The manufacturer solves a one-period problem because
the product is not produced in the second period. As a result, we do not use subgame perfect
equilibrium as do Desai et al. (2004) and Arya and Mittendorf (2006) who consider SC under two-
part tariffs and wholesale price contracts respectively. In terms of the equilibrium concept, our
setup is closer to that of Su and Zhang (2008) who use rational expectations equilibrium (REE)
for the wholesale price, buyback, sales rebates, and markdown money contracts.

Another flexibility for the retailer in our setup is that the second-period price is not fixed
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clearing. Besides the growing empirical evidence on markdowns mentioned above, this assumption is
consistent, for example, with the sales of copyrighted materials in Japan where retailers are selling
first at MSRP and eventually “reducing prices for consumers who don’t mind waiting a while
before they buy”; see Nippop (2005). Similarly to Desai et al. (2004) and Arya and Mittendorf
(2006), we consider deterministic demand in order to have a more tractable problem. Fisher and
Raman (1996) shows that demand uncertainty in the fashion apparel industry can be significantly
reduced by analyzing preliminary sales of the product. The effects of uncertainty are considered,
for example, in Su and Zhang (2008) and Cachon and Swinney (2009).

In this framework, DSC sets prices higher and inventory lower than CSC, which is a usual effect
of double marginalization. This known effect leads to an interesting result in our setup. When
customers exhibit higher levels of strategic behavior (to be defined), more customers delay their
purchases under CSC, which is a usual consequence of forward-looking behavior. For DSC, the
number of waiting customers decreases because more strategic customers pay more attention to
the expected second-period price, which is higher under DSC. As a result, DSC enjoys more sales
in the first period at a higher price than CSC. This comparative increase in the first-period profit
outweighs a relative loss in the second-period sales.

A frequent motivation for studying RPM is the welfare effect of this policy. We show that
RPM, compared to CSC, improves neither customer surplus nor aggregate welfare. However, it is
questionable that RPM is the primary culprit in these losses for two reasons. First, some customers
with low valuations suffer from the strategic behavior of other customers with higher valuations
even when the first-period price is fixed (no manufacturer decisions). Second, CSC can reach the
same profit and hurt welfare in the same way as RPM simply by disclosing inventory information to
the customers. Therefore, under DSC with known inventory, manufacturer “turns off’” unnecessary
double marginalization by setting the wholesale price equal to unit cost. The result implies, first,
that strategic customer behavior itself may be a fundamental reason of welfare losses; and second,
that overestimation of customer knowledge of inventory or underestimation of strategic customer
behavior may lead to overcentralization of SC. We show that profit loss from this overcentralization
may be comparable with the loss from strategic customers.

We present a review of related literature in §2, describe a general model and provide a closed-

form analysis for RPM with strategic customers and one retailer in §3. The extensions for an



arbitrary number of retailers are considered in §4, and the conclusions are in §5. All proofs and

supplementary materials are in the online appendix.

2 Literature review

The negative effect of double marginalization has been known since Spengler (1950) who shows in
a model with linear deterministic demand that “both the consumers and the firm benefit” from
vertical integration, that is, when all production-selling decisions comply with a single criterion. A
broad literature on SC coordination, reviewed in Cachon (2003), examines the abilities of various
contracts to reach the same profit as CSC. These results raise a question: Why do decentralized
supply chains exist if their profits never exceed the one of CSC? The reasons include legal issues
that motivated the work of Spengler or prohibitively high costs of CSC construction for small firms.
The works of Desai et al. (2004), Arya and Mittendorf (2006), and Su and Zhang (2008) reviewed
in Su and Zhang (2009), provide one more reason: double marginalization can lead to a strictly
greater profit of DSC than that of CSC when it serves as a commitment device to higher prices or
low inventories while customers strategically delay their purchases. The current paper extends this
line of research by showing that when customers are strategic, DSC under RPM outperforms CSC
even without secondary markets and with competing retailers.

The study of strategic buyers starts from the famous conjecture of Coase (1972), which is
formally supported in subsequent work, for example, by Bulow (1982). These early findings have
led to further research in the context of intertemporal pricing, which is systematically reviewed in
Gonsch et al. (2013). In particular, Liu and van Ryzin (2008) concur that “capacity decisions can
be even more important than price in terms of influencing strategic customer behavior”; they study
the effects of capacity decisions when prices are fixed while customers have full information and
can be risk-averse. Liu and van Ryzin find that capacity rationing can mitigate strategic customer
behavior but is not profitable when customers are risk neutral. Under competition, which typically
increases market supply, the effectiveness of capacity rationing is reduced, and there exists a critical
number of firms beyond which rationing never occurs in equilibrium. Further development of this
work by Huang and Liu (2015) shows that capacity rationing is also less effective under inaccurate

customer expectations about the reduced-price product availability.



Unlike Liu and van Ryzin (2008), we consider retailers’ capacity decisions in a SC framework
when the manufacturer uses RPM and optimally sets the first-period price. Following Liu and van
Ryzin (2008), we check the robustness of RPM as a low-inventory-commitment tool with respect to
the number of retailers. First, similarly to Liu and van Ryzin (2008), we consider equal allocation
of the first-period demand among the retailers. Then we raise the bar by extending the test to
inventory-dependent demand when the first-period sales increase in retailers’ inventories, which, in
addition to competition, further boosts the supply.! The possibility of salvage sales, included in the
case of inventory-dependent demand, further increases retailers inventories. In response to these
challenges, the manufacturer raises the wholesale price, thereby achieving a desirable inventory
level and profit of DSC that exceeds the one of CSC for any number of competing retailers. These
extensions confirm the high viability of RPM as a strategic-behavior-mitigating tool, which may
serve as another explanation of why manufacturers may prefer RPM to a vertically integrated firm.

A review of the theories explaining the existence of RPM is provided in Orbach (2008). In
particular, RPM can be welfare-reducing when it leads to retailer cartels. In other cases, RPM can
be welfare-improving, for example, when the manufacturer uses it to protect the appeal of branded
products against using them as loss leaders or supports the retailers providing costly demand-
increasing services against free riders that capture the demand by cutting the price. These theories
do not consider the effects of strategic customers. Other contracts with RPM considered in the
literature presume, for example, that manufacturer, besides retail price, fixes the quantity of the
product, procured by the retailer, see, for example, Mukhopadhyay et al. (2009). In our setting,
this assumption would lead to a passive retailer without double marginalization, which is a crucial
effect to increase the profit of SC when customers are strategic. A review of other vertical restraints

can be found in Lafontaine and Slade (2013).

3 RPM with one retailer

We consider a two-period market where a manufacturer sells a limited-lifetime product either
directly to customers (CSC) or via an intermediary retailer (DSC). Following Desai et al. (2004)
and Arya and Mittendorf (2006), we assume that the manufacturer and retailer know the demand

and, in particular, the first-period demand D. First-period buyers do not participate in the second



period and, therefore, there is no secondary market. The manufacturer and retailer do not offer

the product for rent due to high remarketing costs or legal issues, see, for example, Bulow (1982).

3.1 Model description and general results

Under CSC, the manufacturer chooses the first-period price p; and inventory Y. By choosing Y,
the manufacturer chooses either one-period or two-period sales depending on the profitability of
price-discrimination compared to the first-period sales only. If Y > D, the second-period price ps
is determined by marked clearing. Following Arya and Mittendorf (2006), who adopt a basic setup

from Bulow (1982), we normalize the manufacturer’s cost to zero, and then the profit of CSC is
¢ = py min{Y, D} + po(Y)(Y — D)7, (1)

where superscript “C” means CSC.

Under DSC, the manufacturer maximizes its profit by offering a contract with RPM at the be-
ginning of the first period. Since the product is not produced in the second period, the manufacturer
faces a one-period problem. Following Desai et al. (2004), we disregard other retailer costs except
the wholesale price w. We will call an RPM contract a tuple (py,w, F'), where p; is the first-period
retail price or MSRP and F' is a fixed fee. Equivalently, RPM can be determined by (pi, m,, F),
where m, = (p1 — w)/p1 is a retailer margin. According to the studies of SC contracts with fixed
fee, for example, Rey and Tirole (1986) and Gurnani and Xu (2006), the manufacturer sets F' that
makes the retailer indifferent between accepting and rejecting the contract. When demand is de-
terministic, the retailer accepts any contract with nonnegative profit; otherwise, the manufacturer
may not supply the product leading to zero retailer profit. Therefore, F' equals retailer profit and
the manufacturer total profit equals the profit of DSC. Henceforth, we denote this profit II” and
the manufacturer and retailer parts of this profit II"”* and II" respectively. In practice, the difference
F — 11" is a positive constant, which does not affect the results below.

Retailer maximizes its profit by selecting the initial inventory level Y, which may lead either
to one- or two-period sales. In the latter case, the second-period price is determined by market

clearing. Then the manufacturer and retailer parts of DSC profit are

" = wY, (2)

0" = —wY +pmin{Y,D} + pa(Y)(Y — D)*. (3)



Customers, similarly to Desai et al. (2004), arrive at the start of the first period and their
valuations v are uniformly distributed on the interval [0, 1]. We normalize the number of customers
to one, that is, the potential demand in the first-period is 1 — p;. Normalization effectively ex-
presses revenue and inventory as “unitless” quantities and the first-period price p; as a share of
the maximum valuation implying p; < 1. The demand 1 — p; is “potential” because it includes
all customers with valuations not less than p;. We show below that when some of the customers
strategically delay their purchases, the actual first-period demand is D = 1 — ™" < 1 — p;, where
™1 is the valuation of a customer who is indifferent between buying in the first period or waiting.

Then, a general expression for a seller profit with a unit cost ¢ becomes
1= —cY +pymin{Y,1 — v™0} + po(Y)(Y — 1 + o™0)F, (4)

where ¢ = 0 for CSC and ¢ = w = (1 —m,)p; for the retailer in DSC. Note that profit (4) increases
linearly in Y when Y < 1 — v™® = D. Therefore, the inventory of a profit-maximizing firm is not
less than D, that is, there are no stockouts, implying that the first-period sales equal D and the
second-period inventory is Y — D =Y — (1 — p™in),

A decrease in valuations, similarly to Desai et al. (2004), is captured by factor 5 € [0, 1]: if the
customer’s first-period valuation is v, the second-period valuation is fv. Suppose the second-period
inventory Y — 1 + v™" > 0. The number of customers remaining in the market is v™" and the

maximum second-period valuation is Bv™". Therefore, the market clearing condition for the second

min o™ —py

period takes the form v o - = Y — 1+ o™n or, equivalently,

p2=B(1-Y). (5)

We use a logical restriction 8 > ¢, which guarantees that the highest-valuation customer is prepared
to pay more than the unit cost in the second period. If this restriction does not hold, the clearance
price can never be above the unit cost. This second-period setup differs from Desai et al. (2004)
and Arya and Mittendorf (2006) where the product is produced in both periods, a seller chooses
quantities to sell in both periods, and there is second-period used-product market. The setup differs
also from Su and Zhang (2008) where the second-period price is exogenously fixed. The following

assumption is common for all cases considered in this paper.

Assumption 1. Customers know their private valuations v, list price p1, product durability 5, and



the second-period surplus discount factor p € [0,1). Customers are non-cooperative and do not know

total demand.

Undervaluation of the surplus from delaying a purchase, similarly to Desai et al. (2004), means
that even for a product that does not depreciate much by the second period (5 is near one),
customers with any valuation may myopically ignore the second period during the first-period
deliberations, which is captured by p = 0. The value of p may depend on the market targeted by
the product, for example, for age- or culture-oriented products, and on the customer confidence
in the stability of the financial situation. Customers with a higher p place more emphasis on the
second period in their wait-or-buy decisions. Thus, unlike 8, which models an objective decrease
in valuations, the customer’s discount factor p is a subjective parameter describing the level of
strategic behavior. The essence of the distinct roles of 8 and p has been succinctly captured
by Pigou (1932): “Everybody prefers present [that is, p < 1] pleasures or satisfaction of given
magnitude to future pleasures and satisfaction of equal magnitude [that is, 8 = 1], even when the
latter are perfectly certain to occur.” Frederick et al. (2002) provide a review of empirical estimates
of customers’ discount rates.

Similarly to Desai et al. (2004), customers are homogeneous in p and . This assumption is
applicable to any products targeting specific market segments. Some empirical studies, for example,
Hausman (1979), claim a dependence of the discount rate on income (which serves sometimes as a
proxy for product valuation). Other studies, however, show that the discount rate does not vary
significantly with income, see, for example, Houston (1983). We do not include p = 1 because
the case pf = 1 needs a special analysis increasing the volume of the paper. When this case is
interesting, it is considered as a limiting case as p8 — 1. Note also, that we do not use p to calculate
the actual (realized) total customer surplus (§3.3) since p models only customer first-period buying
behavior. However, we do use [ for this goal because deterioration of the product value indeed
decreases the realized second-period surplus.

Subsections below compare the cases where customers know and do not know the inventory level.
A general sequence of events for CSC in both cases is as follows: (a) manufacturer, anticipating
strategic customer behavior, chooses p; and Y’; (b) the first-period demand D and sales are realized;
(c) the remaining inventory Y — D is cleared at po.

For DSC with unknown inventory, the timeline is: (a) manufacturer, anticipating the retailer
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inventory response to manufacturer decisions and customers’ behavior, offers the contract with
RPM; (b) the first-period demand D is realized; (c) the retailer accepts the contract and procures
inventory Y’; (d) the first-period sales are realized; (e) the remaining inventory Y — D is cleared;
(f) the retailer pays fixed fee to the manufacturer. When customers know the inventory, the
only difference in this sequence is that the first-period demand is realized after retailer’s inventory

decision.

3.2 Customers do not know inventory level

The availability of information about total supply of the product varies among the markets. Some
markets, such as land or real estate, have nearly perfect information, the assumption used, for
example, in Desai et al. (2004), Arya and Mittendorf (2006), and Liu and van Ryzin (2008). In many
other markets, total system-wide inventory is unobservable, which reduces the ability of retailers
to use rationing as a tool for stimulating first-period demand from strategic customers. When
customers do not observe total supply, the problem can be solved by assuming that a seller (either
centralized or a retailer in DSC) preannounces the second-period product availability o € {0,1}
and the price po, see, for example, Yin et al. (2009). Equivalently, like in Su and Zhang (2008),
it can be assumed that customer expectations of these values are rational, which means that they
coincide with the actual values that will be realized. Both approaches to the information about «
and po imply that all customers share the same values of these parameters. We stick to the second
(expectations) approach in this section and, therefore, refer to the resulting outcomes as Rational

Expectation Equilibria (REE).

Assumption 2. Customers do not know total product supply but know seller’s cost ¢ and have

expectations of product availability in the second period & € {0,1} and second-period price pa.

Despite knowledge of ¢, customers cannot infer inventory level because they do not know total
demand. Given expectations & and ps, customers decide whether a first or second-period purchase

maximizes their surplus, which is similar to Su and Zhang (2008)? or Cachon and Swinney (2009):

Assumption 3. When the product is available, a customer with valuation v buys in the first period
if and only if (iff) the first-period surplus o1 = v — py is not less than the expected second-period

surplus &9 = ap(Bv — pa) 7.
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Customers do not consider rationing risk in the first period because there are no first-period
stockouts due to deterministic demand and profit-maximizing firms. Since g2 > 0, customers with
v < p1 never buy in the first period because such a purchase would result in a negative surplus.
For the same reason, customers with fv < ps do not buy in the second period when p is realized.

The lemma below describes the first-period demand.

Lemma 1. Given customer expectations, surplus-mazimizing behavior is to buy in the first period
if v > V™™ where the unique valuation threshold is given by v™™ = max {pl, min {%, 1}}
The resulting first-period demand is D = 1 — p™in,

Based on this lemma and the above assumptions, the retailer profit in DSCis IT" = I1"(Y, p1, w, p2, &),
where p1, w, p2, and @ are the parameters, and we specify REFE in pure strategies for DSC' as follows:

(1) Given p; and w from the manufacturer and customer expectations, let the best response of
the retailer be BR(p1,w, p2, @) = argmaxy 11" (Y, p1,w, pa2, @).

(2) The tuple [Y(pl, w), pa(p1, w), &(p1,w)| is a REE for given p1, w iff Y (p1, w) = BR(p1, w, pa, &),

po(p1,w) = B [1 - Y(pl,w)} , and either &(py,w) = 0 if Y(pl,w) =1—0(p1,w) or &(p1,w) =1 if
f/(pl, w) > 1 — 9(p1,w) where 9(p1,w) is the equilibrium value of v™1,

(3) The tuple (F*,p7,w*,Y* p5,a*) is a REE for DSC-profit-maximizing p; and w iff F* =
7 = 1" (Y™, pt, w*, p3, @), where (p}, w*) = arg max,, , II” (p1,w), Y* = Y (pt, w*), pi = po(pt, w*),
and o = &(p}, w*).

Similar to Desai et al. (2004), we are interested in market situations when there are sales
in both periods, but, for theoretical completeness, we consider all outcomes in order to provide
the conditions when both-period sales are endogenously determined by market participants. The

following lemma offers these conditions for given unit cost ¢ and p;. This result is used below for

CSC with ¢ = 0 and for the retailer in DSC with ¢ = w = (1 — m,)p;.

Lemma 2. A unique REFE for given p1 and ¢ with the stated structure exists iff the respective
conditions hold:

REE1 (First-period sales): © = p;,& = 0,Y =1—py, and II = (p1 — ¢)(1 — p1) under
condition py < ¢/p.

REE2 (Second-period sales): v =1,& = 1,py = %(5 + c),f/ = % (1-¢/B), and I = (B—cp

under condition p1 > 1 — £p(B — c).
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REE3 (Two-period sales): v = 251 £ (increases in p), & = 1, po = (B0 + ),V =

1—3(0+¢/B), and 1T = —cY + p1 (1 — ©) + po(Y — L +9) under condition & §<m<1-§(B-c).

This lemma implies that, for CSC with ¢ = 0 and any p; > 0, REE1 does not exist, which means
that the second-period sales are always attractive for a vertically integrated seller. The existence

of equilibria in other cases depends on endogenization of p; and shown in the proposition below.

Proposition 1. When customers do not know the inventory, there exists only REES for both CSC
and DSC. The equilibrium values provided in Table 1 are such that plD* > pc* YyPx <yC* p D* >

. « « 2 2
p$*, vP* < v and the performance of DSC is nm 2 TIP*/TI%* =1+ £ ﬁgg pg [Zﬂ)(?lf,f) ]2’8)] > 1.

All inequalities hold as equalities only at p =0 and p8 — 1.

Table 1: Decentralized and centralized SC under incomplete information

DSC CSC

v S e 0

my: W Lp 1

P} e L p o Lo
v = eEL %ﬁlfmf? bp W Lp
| Eepan, |t
v* %ﬁ;)@ max in p for g € (0,1) (22 p%’g 51
e | APl |G
T pﬁ(Z—fJLL,@;—,@(’)l(j;)ng—ﬁ—p) 0

I Tt 4P %ﬁ?ﬁ—m”

It is known since Mathewson and Winter (1984) that RPM coordinates DSC (the profit of DSC
equals the one of CSC) even with two decision variables. Proposition 1 confirms this result in a
different setting, first, for myopic customers and, second, for p8 — 1. In both cases, decentralized
and vertically integrated firms are identical, that is, RPM indeed removes double marginalization.
The case pB — 1 deserves a special attention because it also yields n'! — 1, which means that
the superiority of RPM over CSC cannot be shown for durable goods only (8 = 1) and strategic

behavior of customers limited to p = 0 and p = 1. The convergence of the results for CSC and DSC
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when pS — 1 follows from the elimination of the intertemporal effects since the product is durable
(8 =1) and customers do not distinguish the surpluses from the first- and second-period sales.

Proposition 1 is of a particular interest because previous studies, reviewed in Su and Zhang
(2009), discovered that DSC may outperform CSC only when the latter cannot achieve its highest
profit due to the lack of low-inventory commitment and inexistence of the first-best equilibrium. We
consider a setup where CSC does not suffer from dynamic inconsistency and attains its best profit
in the equilibrium REE3 with sales in both periods. However, DSC performs even better when
customer discount factor is not zero. This result contributes one more explanation to the reasons
why manufacturers may prefer RPM over vertical integration when customers are forward-looking.

It is easy to show that the superiority of DSC arises from double marginalization, which manu-
facturer “turns on” to mitigate strategic delays when customers are not myopic. Indeed, according
to Proposition 1, DSC-prices p] and p3 are higher and inventory is smaller than for CSC, which is
a known effect of double marginalization. The higher p, the more customers delay their purchases
under CSC (v* increases in p), which is a known effect of strategic behavior. Meanwhile, under
DSC, the number of waiting customers is always less than for CSC (v”* < v®* for p € (0,1)) and
may even decrease in p for § < 1. This occurs because customers with higher p pay more attention
on the expected second-period price, which is higher under DSC. As a result, DSC enjoys more
first-period sales at a higher price than CSC. As Proposition 1 shows, this comparative increase in
the first-period profit exceeds a relative loss in the second-period sales.

A value of decentralization can be estimated by the relative difference [(IIP* — I19%) /TI*] |, =
%. A unique maximizer M = 2/3 leads to maxg [(IIP* — II¢*) /II°*] |,-,; = 1/8, that is,
when customers are strategic and do not know the inventory, RPM can improve supply chain profit
up to 12.5% (Figure 1 (a)). For comparison, the loss of CSC profit due to strategic customers at
pmax ig (I19*| =g — II9*| 1) /TIE*| ,—¢ = 7/27 or 26%, which is in the middle of the range reported
in studies reviewed in Gonsch et al. (2013). Not surprisingly, the loss from strategic customers at
pmax is less for DSC: (ITP*|,—g — IP*|,—1) /IIP*| =0 = 1/6 or 16.6%.

The main motivation for studying RPM is usually a welfare effect of this policy. We showed that
RPM is attractive for the manufacturer compared to a vertically integrated firm when customers
are strategic and do not know the inventory. The next subsection provides the comparison of

aggregate welfare.
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3.3 Welfare effect of RPM vs. CSC

The aggregate welfare W is a sum of a SC profit and the total customer surplus. In a two-period
model, the total (realized) customer surplus is ¥ £ 3 4 Yo, where X1 and X5 are the total
surpluses of buyers in the first and second periods. Recall that Y5 is not discounted by p because
p is a subjective behavioral parameter and such a discount would not reflect the actual surplus. In
the extreme case of p = 0, such discounting would completely disregard the second-period surplus
of myopic customers. The expressions for ¥; and Y9 are given by the following:

. min __ 2
Lemma 3. ¥; = (1 — v™i1) {% —p1} and Yo = W'

Figure 1: RPM performance with respect to vertically integrated firm

(a) Profit performance n'! (b) Welfare performance n"¥'
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Substitution of the corresponding equilibrium values from Table 1 leads to X”* for DSC and X¢*
for CSC. Then WP* = RP* 4 I1P* W = 2¢* 4+ T1¢*, and the equilibrium welfare performance
of RPM is "V & WP* /W, The plot of "7 in Figure 1 (b) shows that this measure, unlike
the profit performance n'! in Figure 1 (a), does not exceed one, which means that RPM is not
welfare-improving compared to vertically integrated firm with the maximum loss around 6%. The
definition of W and Proposition 1 imply that RPM is also not surplus-improving. This observation
is intuitive because, by Proposition 1, RPM leads to higher prices in both periods and smaller total
inventory than CSC. Similar to #'' and by the same reasons, """ = 1 only when customers are
myopic (p = 0) or fully strategic and the product is durable (p8 — 1).

It is known that in some cases RPM improves welfare, for example, when it is used to protect

the retailers providing demand-enhancing services against free-riders or to support the appeal of
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branded products, see the review in Orbach (2008). However, when the only goal of RPM is to
mitigate strategic customer behavior, the welfare may decrease in comparison with a centralized
firm.

In order to understand the nature of this decrease, it is illustrative to consider the effect of an
increase in strategic behavior on customer surpluses. We start from the case without RPM (p; and
c are fixed). Consider 0 < p' < p” < 1. By part RESE3 of Lemma 2, 9|,—, < ©0|,—,» because a
higher p means that customers pay more attention on the second-period surplus in their buy-or-wait
decision, and more customers delay the purchase, which is the essence of forward-looking behavior.
To compare the outcomes at p’ and p”, we split the customer population with v € [0, 1] as follows:

(a) customers with v € [0],=,, 1] buy in the first period at both p’ and p”, and their realized
surplus does not change;

(b) customers with v € [0],—,, ?|,—,») buy at p" and wait at p”, which, by Assumption 3, means
that v—p; < p(Bv—p2) (@ = 1 in RESE3) implying, by rationality of po, that v—p; < Bv—pa|,—p,
that is, the realized surplus Sv — pa|,—,» is greater than the one at p = p' due to the increase in
their own strategicity and despite the increase in py (by Lemma 2, ps increases in 0);

P2lp—pr -

(¢) customers with v € [ =, 9 p:p/> buy in the second period at both p’ and p”, and their

realized surplus at p” is less than at p = p’ because of the retailer equilibrium reaction to the buying
behavior of the customers from group (b) (P2|p=pr > P2|p=p');

(d) customers with v € [%, ml”,%"") buy in the second period at p’ and do not buy at all
at p” with the surplus decreased to zero by the same reason as in (c);

(e) customers with v € [0, m"”%p') do not buy at both p’ and p”.

One can see that even with sticky first-period price and retailer cost (no manufacturer decisions),
not all customers are better off from strategic behavior. Only group (b) benefits from being more
strategic. The surpluses of groups (c) and (d) are less for higher p because the retailer, responding
to the behavior of group (b), increases the second-period price, which reduces the size of group (b).

Aflaki et al. (2016) provide a detailed analysis of changes in surpluses in groups (a)-(d) for CSC
selling a durable good (f = 1) in a similar setup. The difference from the case with sticky p; is
that group (a) benefits from strategic behavior of group (b) because the first-period price decreases

in p, reducing the size of group (b). Proposition 1 confirms this observation for any 5 > 0.

Under RPM, a surplus redistribution among groups (a)-(d) leads to a smaller total customer
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surplus than under CSC because RPM is more efficiently mitigates this behavior: vP* < v&*,
and the manufacturer transfers more customer surplus to DSC profit (HD > HC*). However, the
fundamental problem of losses from strategic customer behavior is still present under RPM because,
by Proposition 1, DSC profit decreases in p.

The next subsection provides alternative evidence that the comparative welfare decrease under
RPM results from customer behavior rather than from RPM itself. This subsection shows that
a vertically integrated firm can reach the performance of RPM (with the same welfare-decreasing
effect) by revealing the inventory information to strategic customers. Then, if strategic customer
behavior is not considered as a primary cause of decrease in welfare, the legal status of opening
information about inventories to customers should be questioned by the same reason as RPM

because it decreases inventory and increases prices.

3.4 Customers know inventory level

In this section, Assumption 2 is replaced by

Assumption 4. Customers know total product supply, the seller’s cost ¢, second-period product

availability « € {0,1} and price ps.

Customer awareness changes the form of the second-period surplus in Assumption 3. Now,
o2 = ap(Bv — p2) = apB(v — 1 +Y), which, similarly to Lemma 1, implies that the customer
valuation threshold is v™" = max {pl, min{z%g[;y), 1}} The result below, similarly to

Lemma 2, provides the structure of market outcomes under complete information. These outcomes

are distinct from REE and we call them Complete Information Equilibria (CIE).

Lemma 4. A unique CIE with the stated structure exists iff the respective conditions hold:

CIE1 (First-period sales): © = p;,& = 0,Y = 1 —py, and Il = (p; — ¢)(1 — p1) under

i c(1=pp)
condition p; < B=p) -

CIE2 (Second-period sales): v =1,& = 1,ps = %(b’ + c),Y = %(1 —c¢/fB), and 1= %

under condition p1 > Ps, where Py = Py(p, 3, ¢) is provided in the proof.

CIE3 (Two-period sales): © = pl% —cf,a=1,pp = %[ﬁpl(l +p)+c(1—pp),Y
)

1-1[p1(1+p)+e(1/B—p)), and 1T = —cY +p1 (1—0)+p2(Y —140) under condition Cﬁ(zl_ff)) <p1 < P
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This lemma shows that customer knowledge of Y changes pi-boundaries and the form of Y-
response of the seller to p; and ¢ under CIE3 compared to Lemma 2. In particular, the definition
of the boundary P, between CIE2 and CIE3 is more complicated. As shown in the proof, this
boundary is not less than the boundary between REE2 and REE3. However, Proposition 2 below
shows that only the equilibrium with two-period sales (CIE3) exists for both CSC and DSC.

Proposition 2. When customers know the inventory, there exists only CIE3 for both CSC and

*

DSC. The equilibrium values p7, Y™, p5,v*, and II* of CSC coincide with the correspondent values
of DSC under incomplete info provided in Table 1. Under DSC, the manufacturer sets m: =1 (or

w* = 0) leading to the same result as CSC.

Proposition 2 confirms that SC can use customer knowledge of inventory as an efficient tool
for mitigating strategic behavior even when customers are risk neutral. This tool is at least as
efficient as double marginalization since the manufacturer in DSC endogenously chooses the contract
equivalent to a vertically integrated firm by setting the retailer margin to one and, respectively, the
wholesale price to zero, which effectively “turns off” double marginalization.

At the same time, Propositions 1 and 2 imply that overestimation of customer reaction on
information about inventory may lead to overcentralization of SC. A profit loss in this case can be
estimated by the value of inventory disclosure, which, similarly to the value of decentralization, can
be evaluated at p — 1 because myopic customers do not use this information. Indeed, for p = 0, the
profits of CSC under complete and incomplete information coincide: TI¢*| p=0 = e p=0 = ﬁ.
Since the profit of CSC under complete info coincides with the one of DSC under incomplete info, the
value of disclosure for CSC equals the value of decentralization: maxg [(II¢“* — II¢T*) /TI%!*] |, =
maxg [(HDI* — HCI*) /HCI*] lp—1 = 1/8, that is, customer reaction on information about inventory
can change the profit of CSC up to 12.5%.

This result is consistent with Li and Yu (2016) who show in a setup similar to Su and Zhang
(2008) that DSC profit is not higher than the one of CSC when customers take into account the
inventory level. These findings complement Yin et al. (2009) who discovered that “display one”
format (unknown total current inventory) can benefit a seller by increasing a sense of scarcity when
customers know the demand and compete with each other.

The comparison of cases with incomplete and complete info sheds more light on why RPM may

have higher profit than CSC. Suppose that CSC under incomplete info, for a given first period
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price, sets a lower inventory, for example, equal to Y* for DSC in Table 1. This decision would
be irrational and lead to a lower profit because customers do not observe changes in inventory but
know that a vertically integrated firm is a low-cost seller and rationally expect low second-period
price. Therefore, the first-period sales would remain the same whereas the second period sales
would decrease due to a higher price. The situation changes when customers know and do not
ignore the information about inventory. In this case, CSC does not need a commitment device and
reaches the same profit as DSC with RPM for any level of strategic customer behavior.

It is known that the total supply to the market typically increases in the number of competing
retailers. Then, intuitively, an inventory-reducing tool for mitigating strategic customer behavior
may become less efficient with the growing level of competition. For example, Liu and van Ryzin
(2008) showed that retailers may not use capacity rationing starting from rather small numbers of
sellers. The next section studies the effects of the level of retailer competition on the performance

of RPM under incomplete info.

4 RPM with Oligopolistic retailers

Similarly to §3.1 and under the assumptions of §3.2 (customers do not know inventory), manu-
facturer offers the same contract with RPM to an arbitrary number of identical retailers. The
assumption of retailer symmetry is common for studying the effects of the level of competition,
when retailers do not differ in their cost structure or brand value, see, for example, Liu and van
Ryzin (2008).

When retailers procure more inventory than for the first-period sales only, they engage in clear-
ance sales in the second period. As the product offerings are undifferentiated, the retailers lower
their prices until all remaining inventory is cleared, that is, the second-period price py (identical for
all retailers) is sufficiently low for the total clearance demand to equal the total remaining inven-
tory. Alternatively, Liu and van Ryzin (2008), §4.4, assume that the same second-period price is
exogenously fixed for all retailers. Each retailer maximizes its profit by selecting the initial inven-
tory level. The resulting game among the retailers is similar to the classical Cournot-Nash model,
but with a distinct two-period structure. There are studies confirming that Cournot assumption,

leading to the same price among retailers, is not implausible in cases of non-price competition, see,
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for example, Karnani (1984), and Perakis and Sun (2014). One of the arguments is that retailers
choose their inventory-based decisions independently, whereas price cuts are easily observable and
can be matched almost instantaneously. Flath (2012) shows that the markets of music records,
bicycles, and thermos bottles are appropriately described by the Cournot model. For example, the
Japanese market of music records, besides plausibility of the Cournot model, is characterized by
legal use of RPM system (saihan seido) and strategic customer behavior (Nippop (2005)).

We now describe the market dynamics. Let retailers be indexed by set I of size n = |I|, and
retailer ¢ € I inventory and sales in the first period be y* and ¢*. As the second-period market
is cleared, each retailer’s second-period supply and sales are equal to y* — ¢*. Then the total
product supply and first-period sales are Y = >, ; y' and Q = Yicr q* respectively. The total

second-period supply is Y — @, the retailer ¢ profit is
' = —wy' + p1g’ + p2(y' — q'), (6)

and the profit of DSC is II” = II™ + 11", where II" = Y, _, II* and II"™ is given by (2). First-period

sales ¢* are determined based on a customer decision model.

4.1 Customer decision model

The customer decision model includes two aspects: demand allocation between two periods and
among the retailers. The first aspect remains the same as in §3.2, that is, customers decide to
buy or wait using their expectations of the second-period product availability @ and price po. In
particular, by Lemma 1, the first-period demand is D = 1 — v™®. For allocation of the demand
among the retailers we use two cases of a well-known attraction model with inventory-dependent
demand.

Studies such as Yin et al. (2009) reasonably assume that if all inventory is displayed to the
customers, the customers know the total amount of this inventory. In some markets, however, this
assumption may exaggerate customer rationality. For example, buyers of goods such as apparel or
music records attracted by displayed inventory usually do not count all available units in all outlets
in order to make a purchase. Therefore, an outlet with a higher inventory attracts more customers,
but customers do not use the information about total inventory and rely on their expectations while

deciding to buy or wait. In this sense, we consider a complimentary case to “display all” format in
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Yin et al. (2009) by assuming that customers can observe the inventory but do not know its total
level, and demand is allocated according to the resulting vector of inventory-driven attractions of
all retailers.?

According to studies reviewed in Urban (2005), a typical form of attraction associated with
inventory y is y” where v € [0,1] is the inventory elasticity of attraction. Then the attraction

model for the first-period demand d’ of retailer i is

. . A (yi)7
dz(Dayz7y_l):D7'7i€I’ (7)
Zje] (y7)"
where y ¢ £ (y!, ...,y L 4T ... y") is the vector of inventories of other retailers. Function (7)

is a symmetric form of the general attraction model. This form is widely used both in theoretical
and empirical research, see, for example, Karnani (1984) and Gallego et al. (2006). An empirical
study of Naert and Weverbergh (1981) concludes that the attraction model is “more than just
a theoretically interesting specification.” This model “may have a significantly better prediction
power than the more classic market share specifications.” This conclusion is supported by later
research, see, for example, Klapper and Herwartz (2000).

The case v = 0 means that a retailer’s attraction does not depend on 3¢, and d* = % for
any y* > 0 and ¢ € I.* Liu and van Ryzin (2008), in §4.4, use this case to study the effect
of rationing on strategic behavior of risk-averse customers. Cachon (2003), in §6.5, considers a
newsvendor competition model where retail demand is “divided between the n firms proportional
to their stocking quantity,” which matches the case of ¥ = 1 in (7). This case can be viewed as
a fluid limit of the following simple randomized allocation model. Suppose all retailers pool their
(discrete) inventory into an urn (one may think of different retailers’ inventory being identified by
different colors). Each customer randomly picks an item from the urn (without replacement), and
the retailer to whom the item belongs is credited for the sale. In such allocation model, the case of
intermediate 0 < v < 1 corresponds to pooling of attractions rather than inventories.

Model (7) allows for tractable analysis when v = 0 or v = 1. In both cases, similarly to
§3.2, deterministic demand and profit-maximizing retailers immediately imply that there are no
stockouts in the first period. Therefore, the total first-period sales are Q = D = 1 — v™", the

individual first-period sales are ¢' = d*(D, ",y "), and the resulting second-period inventories are
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y' —¢q',i € I. Since D = D(p, @), implying d* = d'(p2, &, 4,y "), the retailer i profit is
Hi - Hl(yzv y_ivplv w, P2, d) = _wyl + pldi(ﬁ% Q, yi7 y_l) + pQ(Y) [yl - di(ﬁ?a Q, yi7 y_Z)] : (8)

Using the same notion of rationality as in §3.2, we extend the definition of REE to n symmetric
retailers and define the rational expectations symmetric Cournot-Nash equilibrium (RESE) in pure
strategies for DSC as follows:

1. Given p; and w from the manufacturer, customer expectations & and P, and y—*, let the
best response of retailer i be BR(y ™%, p1,w, pa, @) = arg max,; I (3, y =%, p1, w, P2, ).

2. For given a and pa, let § = g(p1,w, P2, @) denote a symmetric Cournot-Nash equilibrium
inventory level in the retailer game, that is, §(p1,w,pe, @) = BR'[(4,...,7),p1,w, P2, @], where
(4,...,9) € R’}r_l, and Y (p1, w, 2, @) = ngj(p1, w, P2, @) be the corresponding total inventory.

3. The tuple [Y/(pl, w), pa(p1, w), &(p1,w)| is a RESE for given (py, w) iff Y (p1, w) = Y (p1, w, pa, &),

po(p1,w) = B [1 - f/(pl,w)} , and either &(p,w) = 0 if Y(pl,w) =1—9(p1,w) or &(p1,w) =1 if

Y(pl, w) > 1— 0(p1,w) where 9(p1,w) is the equilibrium value of v

4. The tuple (F*,p;, w*,Y*, p, a*) is a RESE for IP-maximizing (p1, w) iff F* =Y, _; F* , F* =

I = M'(y™,y ™, pi,w*, ps,a*) for all i € I, where (pj,w*) = argmax,, ,, II”(p1,w), y™* =
%Y(p“f,w*),pg = pa(p}, w*), and o = &(p}, w*).

The cases 7 = 0 and v = 1 of model (7) are studied below in §4.2 and §4.3 respectively.

4.2 Inventory-independent demand

Following §4.4 of Liu and van Ryzin (2008), this subsection assumes that the first-period demand
is equally distributed among the retailers, which is a particular case of (7) with v = 0. Using (8),

retailer 4 profit with the unit cost ¢ = w and py = (1 —Y) is
) . 1 — . 1 — pmin
e (1Y, o

The lemma below extends the result of Lemma 2 for the case of n symmetric retailers with inventory-

independent demand and ¢ = w.

Lemma 5. For demand (7) with v = 0, a unique RESE with the stated structure exists iff the

respective conditions hold:
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RESE1 (First-period sales): 0 = pi,& = 0,Y =1—py, and II" = (p1 — ¢)(1 — p1) under

condition p1 < ¢/p.

RESE?2 (Second-period sales): v = 1,& = 1,py = é::ln,ff =51 —¢/B), and I =

)2 .
% under condition py > 1 — 15p(8 — c) 2 P,
; .5 (ADpi—npec ~ 1 s Ppiten(l—pB) v _ 1 _piten(1-pB)/B
RESES3 (Two-period sales): © = W,a =1,py = mifpﬁ)vy = 1-%7

which increases in n, and II" = —cY + p1(1 — 0) + po(Y — 1 + 0) under condition 5<p <P

Lemma 5 confirms, in particular, that under RESE3, for given p; and w = ¢, the total supply
to the market Y, indeed, increases in the number of retailers n, which may challenge the efficacy of
manufacturer’s RPM-policy as an inventory-reducing tool in response to strategic customer delays.
The following proposition provides the equilibrium reaction of the manufacturer to the level of

competition n. The proposition analyses only DSC since CSC is the same as in §3.2.

Proposition 3. For DSC with n retailers and demand (7) with v = 0, there exists only RESES.

x _ B{n—1+p[1+n(1—pB—p)]} 1
The manufacturer sets w* = A[4—B(1+7)7] € [0, 3

*and IIP* that do not depend on n and coincide with

) , which increases in n and in p, and
leads to the equilibrium values Y™, p],p3,v

the correspondent values for n = 1 provided in Table 1.

Proposition 3 shows that RPM overpowers the force of competition when demand is inventory-
independent. The manufacturer, as in Proposition 1, uses the wholesale price, which is absent in
CSC, in order to adjust total supply to the market and achieve the highest possible profit. Indeed,
as can be seen from Lemma 5, the total inventory Y decreases in w; therefore, the manufacturer sets
a higher w* for a higher number of retailers and enjoys the same profit as for SC with monopolistic
retailer regardless of the level of competition. Comparing this result with the findings of §4.4 in
Liu and van Ryzin (2008), we can conclude that RPM is a more effective inventory-reducing tool
under competition than retailer capacity-rationing.

The following subsection examines RPM in another extreme case 7 = 1 of demand allocation
model (7). This case is of a particular interest because, in addition to inventory-increasing force
of competition considered for v = 0, retailers have one more incentive to increase inventory since

their market shares directly depend on displayed inventories.
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4.3 Inventory-dependent demand

Following §6.5 in Cachon (2003), this subsection assumes that the first-period demand is distributed

among the retailers proportionally to their inventory levels, which is a particular case of (7) with

v = 1. Then, by (8), retailer i profit is IT* = —cy’ +p1y“7§/min + pa(Y)y [1 - %} )

An important difference of case v = 1 from the above is that retailers’ market share competition
may drive the second-period price below cost (Corollary 1 below), which is usually a peculiarity of
models with random demand. Since the second-period price results from market clearing, sales at
loss obviously indicate an increase in total product supply compared to the cases above.

While clearance sales train strategic customers, sales at loss foster bargain hunters whose valua-
tions are below the retailer unit cost. Some studies, for example Cachon and Swinney (2009) and Su
and Zhang (2008), assume that, in the second period, there is a market of bargain hunters who can
buy any remaining product at a unit salvage value s < c¢. Unlike these studies, we assume that the
participants of the second-period market endogenously choose between clearance and “salvaging”
sales. We need this endogeneity to determine manufacturer’s reaction to this choice. Besides “bar-
gain hunters” interpretation, salvage value allows for availability of alternative sales channels for
retailers such as liquidations.walmart.com, www.shoplc.com, and www.salvagesale.com. As a

result, ps never goes below s, and Eq. (5) becomes
pe =max{s, f(1-Y)}. (10)

An opportunity to sell large quantities at a fixed (not decreasing in Y like in clearance sales)
price may serve as an additional incentive for retailers to oversupply the market and additionally
challenge RPM policy as an inventory-reducing tool.?

Given the above, Proposition 4 below extends the result of Lemma 2 on retailer’s reaction to

given p; and c¢ for n symmetric retailers under inventory-dependent demand® with v = 1.

Proposition 4. For demand (7) with v = 1, a unique RESE with the stated structure exists iff the
respective conditions hold:
RESE1 (First-period sales): 0 = pi,& = 0,Y =1—py, and II" = (p1 — ¢)(1 — p1) under

condition p; < —1¢_ & Py,

n—1+5 =
RESE2 (Second-period sales): v = 1,& = 1,p2 = c+ g;f,ff =7 (1—¢/B), and I =
— 2 . .
% under condition p1 > 1 — nLHp(B —c) 2 P
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=1, p2=p(1—- Y), where Y is the

[oN

RESE3 (Two-period sales, ps > s): 0 = %ﬁjﬂ_y),
larger root of equation (29) in Appendiz, and " = —¢cy +p1(1—0)+p2 (f/ —1+0), under condition
Py < p1 < Py and, for n > 2, one of the following: (a) =2 (p1—s) (1 — ) Y < (c—s)(1—s/B)?, or
(b) condition (a) does not hold, Y < 1-3, and 111" > 11" & <Y — "T_lY> [—(c—s)+ (p1 —s)(1—9)/Y],

where II* is the mazimum profit of a firm deviating from RESE3 in such a way that ps = s (total

inventory exceeds 1 — s/B), Y = mln{v— 5+ B, \/” IYPICS)SUU)}, and B is the number of
bargain hunters.
The equilibrium characteristics Y, f), and II" are continuous on the boundaries between these

forms of RESE. Moreover, in RESES, Y > -5 (1 — c/B).

In this proposition, the p;-bounds P} and P» separate RESE3 from RESE1 and 2 respectively.
Similarly to the case v = 0, the input area of RESE1 shrinks in 3, disappearing for § = 1, because
of increasing profitability of the second-period market when retailers can gain from two-period price
discrimination. Unlike v = 0, this area shrinks also in n, disappearing for n — oo, due to increasing
quantity competition for the market share, which may force retailers to procure more inventory
than just for the first period. Another important difference from v = 0 is the additional conditions
(a) and (b) of RESE3 existence for n > 2, which result from the presence of bargain hunters. These
conditions are discussed after Proposition 5 below.

The following corollary shows that competition with v = 1 may lead to the second-period price
below cost, which contrasts the case v = 0 where the second-period sales are always profitable. We
demonstrate this effect in a market for a durable good with myopic customers and some n > 2.

The second-period price in this case remains above the unit cost in a duopoly.

Corollary 1. For =1, p=0, and ¢ < p1 < 1, RESE1 and RESE2 cannot be realized and, in

RESES, the second-period price is below cost iff n > 2 + 1171_—;?.

Since a lower price corresponds to a higher inventory, the case v = 1 provides an additional
challenge to RPM as an inventory-reducing tool for mitigating strategic delays. Assuming that
¢ = w, the following proposition answers the question: does there exist a feasible wholesale price
w that, similarly to the case v = 0, leads to a one-retailer profit for DSC under oligopoly with

inventory-dependent demand?”
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Proposition 5. For DSC with n retailers and demand (7) with v = 1, the wholesale price

w* = m (,Oﬂ(Q —pB—pB)+ (n_l)(l_gf)_ﬁl))gl__g__jpﬂ_p%)) € [0, %] leads to the equilibrium

values Y*, p%, p5,v*, and IIP* that do not depend on n and coincide with the correspondent values

*

for n =1 provided in Table 1. This w* increases in n, increases in p except for w*|,_oo = % at
B =1, and w*|y=1 > w*|y=¢ for anyn > 2. For these equilibrium values, the condition Py < p1 < P»

of RESES3 existence always holds and condition (a) always holds for s = 0.

This proposition confirms that even under oligopoly with an arbitrary number of retailers and
inventory-dependent demand, there may exist a contract with RPM leading to the same profit of
DSC as with a single retailer, which, by Proposition 1, is more profitable than CSC. It is easy to
check that, for n = 1, the expression for w* in Proposition 5 coincides with w* in Table 1. Inequality
w*|y=1 > w*|y=¢ explains that the manufacturer overcomes the challenge of inventory-dependent
demand (y = 1) by setting a higher wholesale price than in the case v = 0 (Proposition 3).

Proposition 5 does not guarantee RESE3 existence for n > 2 in general because conditions (a)
and (b) in Proposition 4 depend on salvage value s, which is not controlled by the manufacturer.
These conditions hold only if s is sufficiently lower than retailer’s unit cost w*. Condition (a) means
that the profit of a potential deviator from RESES3 to salvage-value sales monotonically decreases
in inventory, while condition (b) means that the deviator’s profit has a local maximum, which does
not exceed the profit under RESE3. According to Proposition 5, RESE3 always exists when the
salvage value equals manufacturer’s cost (s = 0). As was discussed in Su and Zhang (2008), salvage
value can be relatively high for mass markets with ample salvage opportunities whereas for niche
markets these opportunities are rare leading to small values of s.

If there is a liquidation channel with s > 0, RESE3 may not exist because the retailers may
prefer this channel to market clearing. This can happen when customers’ strategicity is low because,
by Proposition 5, w* is minimized at p = 0, and so the salvage sales are most attractive for the
retailers. A formal analysis in the appendix shows that DSC profit in this case may even exceed
II1P* given in Table 1 if the number of bargain hunters B and s are relatively high. However, the
equilibrium with py = s may exist for small s and B at a high level of competition leading to DSC
profit less than ITP* given in Table 1.* The case of small DSC profit in the “salvaging” outcome
marginally benefits the retailers because the manufacturer reduces fixed fee under the condition in

the contract that retailers ignore salvaging opportunities and stick to RESE3. The resulting profit
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of DSC will still exceed the one of CSC.

5 Conclusions

A number of theories explain why manufacturers may use resale price maintenance (RPM) in a
supply chain (SC) contract. It is known, in particular, that even simplest forms of RPM may
coordinate SC, that is, RPM does not suffer from double marginalization and lead to the same
profit as a centralized SC (CSC). However, these theories do not consider a pervasive phenomenon
of forward-looking customers, who hurt sellers’ profits and reallocate customer surplus. This paper
contributes to the RPM literature by showing that SC profit under RPM is higher than the one of
CSC when customers are strategic and do not know or ignore the inventory level.

This study extends also the line of research initiated by Spengler (1950) who argued that an-
titrust law should differ vertical integration from the horizontal one because double marginalization
in decentralized SC (DSC) hurts both the seller and the aggregate welfare. Subsequent work pro-
vides the forms of double-marginalization-free contracts that lead to the same profits of DSC and
CSC, see a review in Cachon (2003); and recent studies, reviewed in Su and Zhang (2009), find that
when customers are strategic, the profit of DSC may even exceed the one of CSC when CSC cannot
credibly commit to low inventory. Our paper complements these recent findings by including RPM
into the list of such contracts. Another new insight is that the seller does not need to suffer from the
Coase problem in its extreme form in order to benefit from double marginalization. In particular,
secondary market can be neglected and intertemporal price discrimination can be more profitable
than one-period sales despite customer strategic delays. In this case, double marginalization ben-
efits the seller as a commitment device to a higher prices than under CSC in both periods, which
mitigates strategic delays and reduces profit loss.

One more qualitative impact of this paper is that the efficacy of double marginalization as a low-
inventory commitment device can be robust with respect to the number of competing retailers. This
conclusion holds for RPM under two types of competition: with inventory-independent demand,
when the first-period demand is allocated equally among the retailers, and with inventory-dependent
demand when retailer’s demand increases in inventory level. For the former case, we borrowed the

model of demand allocation from Liu and van Ryzin (2008) who showed that retailer capacity

27



rationing is not robust under competition. The latter case is more challenging because the retailers
procure more inventories to increase their market shares in the first period. Nevertheless, in both
cases, RPM enjoys the same profit as with a single retailer by setting a higher wholesale price.

If customers know the inventory level, CSC effectively uses customer awareness and has the
same profit as DSC, which coincides with the DSC profit under unknown inventory. In this case,
the manufacturer in DSC sets the wholesale price equal to its unit cost effectively “turning off”
unnecessary double marginalization. The comparison with the case of known inventory implies that
inventory disclosure can be equivalent to double marginalization as a low-inventory commitment
device. On the other hand, if customer reaction on disclosed inventories is overestimated (or
strategicity is underestimated), a SC can be overcentralized leading to a profit loss comparable
with the loss from strategic customers.

The presence of strategic customers changes the conclusions of Spengler (1950) because DSC
with RPM is preferable for manufacturer but still hurts welfare, that is, the manufacturer has
an incentive for welfare-reducing decentralization. Moreover, for both types of competition, RPM
performs like with a single retailer, that is, formally, the case of RPM use for mitigating strategic
behavior can be qualified as a subcase of conspiracy theory leading to a retailer cartel. However,
this simple argument can be misleading. First, because CSC can also achieve the same result by
disclosing inventory level, that is, consistently using this argument, the legal status of inventory
disclosure should be equivalent to the one of RPM. This “strange” equivalency questions the ar-
gument. Second, because even when the first-period price is sticky (no manufacturer decisions),
the surplus of low-valuation customers decreases due to strategic delays of a part of high-valuation
customers. The decrease results from inventory-reducing response of retailers.

The observations above imply that a primary source of welfare loss in this problem is the
behavior of strategic customers. Therefore, a future research may determine the best SC-profit
improving strategies that mitigate strategic delays and, at the same time, do not decrease welfare
because welfare-decreasing strategies may be infeasible due to legal actions. In particular, we show
that the maximum loss of welfare under RPM compared to CSC is around 6%; that is, if RPM
is multipurpose, for example, besides mitigating customers’ delays, it also protects the retailers
providing demand-enhancing services against free-riders or supports the appeal of branded products,

the combined effect may be welfare-improving. Another promising welfare-increasing strategy is
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studied in Aflaki et al. (2016), where retailers increase customer cost of being strategic, for example,
by making markdowns less predictable. Aviv et al. (2016) show that when customers are strategic
and the first-period price is sticky, a most-favored-customer clause eliminates strategic delays and

increases welfare in the majority of market situations especially at high levels of competition.

Notes

!Urban (2005) provides a review of 60 theoretical and empirical papers studying inventory-dependent demand in
various industries without strategic customers.

2As suggested by Su and Zhang (2008), §6.1, the form of G2 below implies that p can be interpreted also as
customer risk aversion or systematic misestimation of @. In these cases, p may exceed one.

3Using “cost” terminology, see, e.g., Aflaki et al. (2016), this assumption means that the customer cost of estimating
total inventory is prohibitively higher than the cost of expectations & and p2, which are a byproduct of a regular
buying practice and do not require additional efforts.

4Even though attractions are not continuous at 0 in this case, we demonstrate that the analysis is still possible.

®A similar effect in a different setup is discussed in §6.3 of Su and Zhang (2008).

5This result and the case pa = s are discussed in more detail in a working paper Bazhanov et al. (2015).

"The expression for w* provided in Proposition 5 can be easily generalized for any 0 < v < 1 using the approach
in the proof and the equation for Y with general v in Bazhanov et al. (2015).

8Exogenously restricted B, resulting in the total inventory less than the one that maximizes individual retailer
profits, leads to an interesting effect when the total, and therefore, individual profits of symmetric retailers are
greater due to reduced sales at loss in the second period. This known effect results from market share competition of
noncooperative retailers with inventory-dependent demand. A similar effect increased the profits of tobacco companies

after the advertising ban on TV and radio for the cigarette industry in 1971.
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RESALE PRICE MAINTENANCE WITH STRATEGIC CUSTOMERS

A Online Appendix

A.1 Proof of Lemma 1 (first-period demand)

By Assumption 3, 01 > 0 is equivalent to v > p; and o1 > 79 is equivalent to v—p; > pa(Sv—p2) <

v > %. Combining these inequalities, we obtain the stated expression for v™®,

customers with v > v™" would buy in the first period, the total demand is D = 1 — v™,

Because all

A.2 Proof of Lemma 2 (REE, n =1)

REE1 (only first-period sales) simplifies (4) to II = (p; — ¢)Y yielding a unique profit-maximizing

Y =1 — ™" and the maximum profit IT = (p; — ¢)(1 — v™™®), which can be formulated as

Lemma 6. For given model inputs and customer expectations, retailer rationality implies that the
__ ,min

effective domain of the inventory decision is Y > 1 —v™" and (p; —c)(1 —v™") is the lower bound

for the optimal profit.

Customer rationality demands that @ = 0 and, by Lemma 1, v™" = p;, implying that the
candidate REE is described by © = p1,Y =1 — 9, and, therefore, @ = 0 and II = (p1 —)(1 —p1).

Since v™" does not depend on Y and, by (5), p2 = B(1 —Y), profit (4) is concave quadratic in
Y when Y > 1 — o™, Therefore, the candidate REE1 exists iff there is a local maximum of II at
Y =1—0, ie., profit (4) is not increasing in Y for any ¥ > 1 —10: g—g\yzl_mo < 0, which, using
Y=1-0,is —c+ p0 <0< p; <c¢/B.

REE2 (only second-period sales) exists iff all customers delay their purchases, i.e., v™" = 1,
which simplifies profit (4) to Il = —cY + (1 — Y)Y. FOC yields the candidate REE with ¥ =
L(1—¢/B).p2 = B(1-Y) = §(B+0), and [T = —c¥V +8(1-Y)Y = L (B—¢) [-c+ 4(8 - ¢)] = Ex

P1—pP2
1—ppB

The condition of existence v™" = 1 holds only if @ = 1 and, by Lemma 1, if > 1. By customer
rationality, po = p2 = 3(8 + ¢) leading to p1 — 5(B+c¢) > 1—pBorp1 >1—5(8 —c).

REES3: There are sales in both periods iff Y > 1 — v™" and p; < ™" < 1 (there are sales
in the first period) with ™" = p; only if p = 0. Profit (4) is Il = —cY + p1(1 — v™1) + 3(1 —

Y)(Y —1+v™1) which is concave quadratic in Y (v™" is constant in Y'). Therefore, the candidate



REE exists iff the local maximum of Il at Y = Y is such that ¥ > 1 — ¢ and & < 1. FOC is
—c—BY =140 £ 1 -Y) =020 =2 - v™") —c o YV = 1 — 2(9 + ¢/B), where

0= B= Z 22 and, by customer rationality, ps = 5(1 — f’) Substitution of ¥ and collection of terms
with © leads to & = 225800HIE) o (1 4 5520 55) = ZRbS & & = 22 which increases in

99 _ 2(Bpi—c)
p since 9p — (2-pB)?

—2(0+¢/B) > —b & b > /B < 2p1 — pc > 2¢/B — pc & py > ¢/B. Condition & < 1 is

> 0. The last inequality follows from condition Y >1-— v, which becomes

2p1 — pc <2 —pfB & p1 <1—5(8—c). Note that © = p; < pc = pfp1, which, indeed, holds only

if p =0 whenever p; > ¢/f.

A.3 Proof of Proposition 1 (RPM, incomplete info, n = 1)

We start from determining a profit-maximizing p;(c) for REE3. Substitution of o(p1,c¢) into

Y{i(p1, ), ], and pofd(p1, c), ] given by Lemma 2 leads to ¥ (py, ¢) = 125208 and o (py, c) =
c+ ’Bpl ¢ Plugging in these expressions into II yields H(pl, ¢)=(p1—c) 20 p21) pﬁ( 4 fffﬁ’l p;))z,
which is concave quadratic in p;. FOC is 2(1_p21)—pﬁ( ) — 28— S5+ 2(2 pﬁ)Q = 0, which is equiva-
- +(2—pB —¢)—1— 1
lent to pq (22% 4) = 5= pﬁ (8 —c) or plﬁ g(fpﬂ"ﬁ) — )éf(pﬁ ) C), yielding
_ @=pP-5(B—c)l+c(1=pf)
pi(e) = 2-rB)F
For CSC (¢ =0), a profit-maximizing p; is pj = %. Plugging in p] and ¢ = 0 into the
formulas for v, Y, P2, and II in Lemma 2 leads to the expressions in Table 1: v* = %, Y*=1-—
% _ 4(272%&()27—2/%;(26?@ - 23[;2(; L %;22} P = 2[2[22(2_;%)_ A In order to obtain the expression for IT¢*,
note that 1 —v* = ﬁ and Y*—(1—v*) = & m Then I%* = pi(1—v*)+ps[Y* —
(1—v%)] = (2=pB)* _ 2-pB-8 . _ B(2=pB) 2-pB __ _ (2=pB)’[2(2-pB)—26+B] _ _ (2—pB)*
2[2(2—pB)—p] 2(2—pB)— ﬂ 2[2(2—pB)—B] 2(2(2—pB)—B] 4[2(2—pB)— B 4[2(2—pB)—p]"

The intuitive monotonicity of these values in p can be shown by direct differentiation. By Lemma
2, there exists only REE3 since p] always satisfies the condition of REE3 existence and profit e+
under REE3 always exceeds profits II™* and I1¢?* under REE1 and REE2 respectively. Indeed,

pt > 0, and condition pt < 1 — pf/2 < 2 — pB > B always holds. Profit II* = TI¢?* has infimum

at p — 1 (since ag;’* < 0), which is inf,_; 163 = 4((24_7%);). This expression is maximal at § = 2/3

C'3x
(since o1 ﬂhﬁl = 2(?1:2?)2) and minimal at the boundaries: inf, HC3*|5:1 =inf, HC3*|5:0 =
%, whereas, by Lemma 2, TI" = max,, p1(1 —p1) = 1 and [1¢% = fB

For DSC, By Lemma 1 and the general equations for profits (2) and (3),

117 (p1, w) = p1[1 — v(p1,w)] + p2(p1, w)[Y (p1,w) — 1 + v(p1, w)] (11)



when sales are in both periods. The proof is based on the following lemma.

Lemma 7. Assume that'Y = ag — a1p1 — auw, p2 = bip1 + byw,v = dip1 — dyw and the resulting

quadratic profit TP (p1,w) is concave in p1 and w. Then mazimization of TIP yields a unique solution

« 912910 + 2920911 « 910 T w g1z
w' = — 5 — andp] = ——————
4911922 + 919 2911

(12)

where g1o = 14+b1(ap—1), g11 = —di1+b1(d1—a1), g12 = dw—b1(@w+dw)+bw(di—a1), g20 = buw(ag—1),

and gaa = by (aw + dy) are the coefficients of 1P (p1,w) = p2g11 — w2go2 + Prwgi2 + P1gi0 — WGa0-

Proof Substitution of Y, ps, and v into (11) leads to II”(p1,w) = plgi1 — wlgae + prwgia +
P1g10 — wygoo and % = 0 yields pj given in (12). Substitution of this pj into %[TD = 0 leads to

gi2
2911

—2wgoo — (910 + wg12) — g20 = 0 yielding w* in (12)0
Part REE3 of Lemma 2 with ¢ = w provides the coefficients of Y, po, and v as functions of p;

and w:ag=1,a1 = ﬁ,aw = /8(12%%,171 = ﬁ,bw = %,dl = ﬁ, and d,, = ﬁ. Substi-

tution of these coefficients into the expressions for g;; yields giop = 1,911 = 5 _'Bpﬁ (2—2;76 — 2—1p6> —

2 _ B=2(2-pp) _ _p_ _ _B 1-pB p 1-p8 1 _ p(2—pB—B) _
=pB ~  (@-pB)? '912 T 298 T 24P (6(2—pﬁ) + 2,,05) t ps=es = “(@pe2 2920 = 0, and

_1-pB (_1-pB p_\ _— _1-pB
922 = 37,8 <,8(2—pﬂ) + 2—pﬂ> — B(2—pB)?"

Note that the coefficients in front of p? and w? are negative and P (py,w) is indeed concave.

Then the substitution of g;; into (12) yields w* and p}. Namely, the numerator of the fraction for

(1—pB)[B8—2(2—pB)]+p*B(2—pB—p)?
B(2—pp)*

4(1_pﬁ)[pz%z__p%ﬂ)fg:ggﬁ_g)_pﬁ_ﬁ)z , where the denominator can be written as 8(2—pg3)(1—p3) —48(1—

pB)—p?B(2—pB)2+2(2—pB)p? B2 —p*B° = 2(2—pB) (4—4pB+p*B*) —B(4—4pB+p? B2)— p*B(2—pB)?,

which equals (2 — p3)%[4 — B(1 + p)?]. Substitution of this expression yields w* = %, which
Bl(1-pB)*+(3——2pB) (1-B)+4—4pB+2p* 525
[4—B(1+p)2]?

nominator and the first two terms in the square bracket in the numerator are strictly positive, and

w* is g12 and the denominator is 4ge2g11 + g3y = :

leading to w* =

. . . * .
increases in p since ‘98% can be written as

, where the de-

inf, (4 —4pB +2p%B — 2,8) = 4(1 — ) > 0 since this sum decreases in p. Monotonicity of w* in p

implies w* € |0,3/2) for p € |0,1). Plugging in w* into the formula for p} in (12) leads after simpli-
p [0, p € [0, gging pi p

: w1 «p(2=pB—B)\ _(2-pB)?* _ _2(1-pp) sn Op1 _ _ 28(1—p)[2—B(1+p)]

fications to p} = 3 (—1 —w p(QfPﬁ)z ) ,3—2(5—95) = 47ﬁ(1ip)2 with 51 = — [47%(1+p)2]2p < 0.
* _ 2=pB(A—pB=B) i1 Om; B—B+(1-pB)?]

Then m; =1 — 11% = T8 with e = — sz~ <0

Substitution of p; and w* into the expression for Y, ps, and v yield their equilibrium values:

* _ * x _ (1-pB)(2+2p—p*B—pB) _ (1=pB)(1+p) _ 3—pBf—f— oh .
Y*=1-—a1p] —apw* =1-— BB = LT st = 47%(1+p)§, which is decreasing
in p since 6(9—3;* = 36-p°5 27&&%2(;5;)}?; p2B+6p5 , where the numerator increases in f (its derivative in



3 decreases in 3 and is positive at 3 = 1) and equals —2(1 — p)2 < 0 at 8 = 1. Given Y*, we

have p5 = (1 —Y™) = %, which increases in p since % < 0. v* = djp] — dyw* =

2 2(1—pp) pBR2=pB=B) _ 2=pB(+p) .1 dv* _ BlB(1+p)>—4p] R, i _
2—pB 4—B(1+p)2 -3 ppﬂ 4—B(1+p)2 — 4—B(1+p)? th 8L = W, which is posfmve for B =
1: %—i P % > 0. For 8 € (0,1), there exists a maximum of v* in p since %—”; =0«

B = 4p/(1 + p)? or p¥ = 2(1 — \/T—PB)/B — 1 (the larger root of the quadratic equation in p is

greater than 1). This unique p° corresponds to a maximum of v* since % £ ==z > 0 and

ap lp=0 — [@=P)
ov* _ 4Ap(B-1)

Op lp—1 ~ 16(1—B)2 <0.

Substitution of w*, Y™, p], p5, and v* into the formulas for profits leads after simplifications to

Hm*,HT*, and HD* I = wrYF = pB(2—=pB—B)(B=pB—L—p). HD* _ Pf(l 7,0*) +p§(y* -1 Jrv*),

[4=B(1+p)? ]2
where 1 — v* = % and Y* — (1 —0*) = W After substitution, it becomes IT7* =
2(1—pB)(2—pB—B) | BA—p*)A—pB) _ _ 1-pp pooPr _ B{p(2—pB)+B—2} :
BT T Gt = At Wit Top = SfiTpr e < O since the bracket {}

in the numerator increases in 5 and {-} [g=1 = p(2 — p) — 1 < 0 because the supremum of p(2 — p)

equals 1 at p — 1. The retailer profit is II"™* = ITIP* — II"™* = 4_23(1’15))2 — p5(27f4ﬁ:ﬂﬁ()£;)p2?;57p) =
4-B{1+p[6(2—pB—B)—p+B8>(1+p*)]}
[4-B(1+p)?]? ’

We can show now that there exists only equilibrium REE3. First, we show that FOC for pj
and w* always lead to an interior solution for REE3, i.e., when the manufacturer sets pj and
w* under REE3, the retailer does not deviate to other equilibria. Indeed, the left inequality in
the condition of REE3 existence § < p1 < 3(2 = pB + pc) in Lemma 2 with ¢ = w* becomes
p(2—pp—pB) <2(1—pp) < pB(l—p) <2(1—p), which always holds. The right inequality is
equivalent to 4(1 — pB) < (2—pB)[4 — B(L+p)?| +p*B(2—pB—B) & 2—pB < 4—B(1+p)*+p°B
or 2 — pfB — B > 0,which also always holds.

The manufacturer has no incentives to set p] and w* leading to REE1 or REE2 because REE3-
profit TIP3 always exceeds the profits of other equilibria. Indeed, REE1-profit ITP* is TIP1* =
maxy, . [w(l —p1) + (p1 — w)(1 = p1)] = maxy, p1(1 — p1) = ] attained at p} = % for any w > 3/2
since p; < ¢/B must hold for REE1l. REE2-profit 117?* is TIP%* = max,, ,[w(8 — w)/(28) +
(B —w)?/(4B)] = B/4 attained at w* = 0 for any p1 > 5(2 — pfB3), which is the condition of

REE2 existence. The infimum of REE3 profit TIP% = ;100 s at p — 1 since 252 =
W, where the numerator is maximal at 5 = 1 and equals p(2 — p) — 1, which is negative
for any p € [0,1). Therefore, the infimum of REE3 profit is HD?’*]p_)l = % = i, ie.,

93 > 1P > 1P2* for any p € [0,1) and 8 € (0, 1].



Finally, using the formula for profit of CSC II¢* in Table 1, the profit-performance of RPM is

BIB2+(2—pB) (2—pB—25)]
(2—pB)2[4-B(1+p)?] -

Inequality pP* > p{™* is equivalent to (2 — pB)2(4 — B — 2pB — p>B) < 4(1 — pB)(4 — B — 2pp),

which holds as equality at p = 0. Considering p > 0, this inequality simplifies to (2 — pS)[pS —

T — 1P+ /119" = 4_2{1”5@2 4[2((;:%))2_6], which can be written as n'! =1 + 7

2(1 — B)] — % < 0. Denote = £ [-], implying that p8 = z + 2(1 — 3). Then the last inequality is
(28 —x)x — % < 0, where the first term (23 —x)x attains maximum in z, which equals 5% at z = 3,
ie,at f=pBf—2(1—-p5)< p=(2—73)/B, which holds at pf — 1.

Inequality YP* < Y©* is equivalent to [3(2—pB) —26][4—B(1+p)?] > [4— (1+p)(B+1)]2[2(2—

pB) — ], which holds as equality at p = 0. Considering p > 0, it simplifies to (2 — pf)[36(1 + p) —

4] — B%(1 + p) < 0. The LHS is increasing in 3 since 8%1;5 =(14+p)[3(2—pB) —28—3ps] +4p
decreases in S and its minimum is 6LHS{5 L = 2[2+3p(1 = p)] >0, ie., the LHS is maximal at
B = 1. The maximum of LHS in § is LHS|g=1 = 3[p(2 — p) — 1] < 0 because max,p(2 — p) =1
at p = 1, i.e., another case when Y*¢! > Y*CC holds as equality is p — 1. Since p = B(1 — Y*),
inequality YP* < Y©* implies pé) > pg*.

Inequality vP* < v®* also holds as equality at p = 0. Considering p > 0, it simplifies to
p*B(2 — pB — B) > 0, which holds as an equality only at p3 — 1.

Inequality n'' > 1 follows from simple observations that the fraction in the formula for n'!
zero only if p = 0 or the square bracket in the numerator is zero since the denominator is positive
for any p € [0,1) and S € [0, 1]. The square bracket in the numerator has a unique minimum in p.
This minimum equals 0 at 2—pf = < p = (2— )/ > 1, which, for p € [0,1) and § € [0, 1], can

hold only as equality in the limit when pf — 1. In this case, the L’'Hospital’s rule yields n't — 1.

A.4 Proof of Lemma 3 (total surplus)

By the definition of v™", the total customer surplus in the first period is £; = fvlmin (v—p1)dv =

17(vmin)2 —p1(1 mln) _ (1 o ,Umin) [1+vmi“ _pl] .

min min B min_
— % (50 *pz) <5v 2+p2 *p2> _ ( - pz) ]

(B m1n7p2)
3 .

1 min 2
2 v H
v 1 ( ) min
<7—p1v)‘mmf§—p1— 5~ +Dp1v
v .
min ﬁ’umln

- = =2 -
and Y9 = fﬁv ’U*pgdﬁ_%<%*p21})
P2

Hence, Y= 21 + 22 = (1 — Umin) [% _p1i| +




A.5 Proof of Lemma 4 (CIE)

CIE1: Information about Y does not change the candidate equilibrium compared to incomplete
info case in Lemma 2 because & = 0 and © = py, i.e., customer behavior does not depend on Y when
Y < 1—ou™", The existence condition, however, is different because it involves the derivative of the
two-period profit (4). Under complete info, this profit is Il = —cY + p; <1 — %ﬁ) +B(1 —

V) (V=14 2RO = o eV (1= pB) + pi(1 = pr — pBY) + B(1 = Y)(Y — 1+ p1)} or

=15 {(1=p)(p1—B) +Y[B2 —p1) —c— pB(p1 — o) — BY?}. (13)

Since 1I is concave in Y, the candidate CIE exists iff there is a local maximum of Il at Y =1 — 0,
i.e., (13) is not increasing in Y for any ¥ > 1 —10: g—g\yzl,@w < 0, which, using Y =1 —p; is
equivalent to B(2 —p1) — ¢ — pB(p1 — ¢) < 28(1 = p1) & p1B(1 — p) < o1 — pB) & p1 < G,

CIE2: This equilibrium is similar to REE2 given by Lemma 2 because it also exists only if

v™it — 1 Jeading to the same form of profit and, therefore, the candidate CIE with ¥ = %(1 —c/p).
The condition of existence is also determined as a p;-boundary between CIE2 (v™" = 1) and CIE3
(v™" < 1). We derive this condition in the proof of CIE3 below.

CIES3: The difference from REE3 is that profit (4) becomes IT = —cY + py[1 — v™B(Y)] + B(1 —
Y)[Y — 1+ v™2(Y)], where v™*(Y) = w (not a constant in Y'). Therefore, FOC leads

—pB
to a different candidate equilibrium: —c — p; df‘g;m —B(Y —14+v™1) +3(1-Y) (1 + avmm) =0,

where %—;in = % and Y — 1 4 o™i = (Y_l)(l_pf)_?g_pﬁ(l_y) = plff;gl result in —c(1 — pB) —

pipB—Blp1 +Y = 1)+ (1 =Y) =0 & 28Y = —p1S(1 + p) — c(1 — pB) + 283, which yields

~

V=1-3 [pl(l +p)+c (% — )} . Substitution of Y leads to py = % [p1B(1+p)+c(1—ppB)] and
R A R o E S
Similarly to Lemma 2, the conditions of CIE3 existence are Y >1—9 and & < 1. The first

is equivalent to %‘Y:l_f}_l’_o > 0 and becomes % [pl(l +p)+ec (% - )} < plﬁ —cp/2 &

pi(L+p) (1= pB)+ §(1 = pB) <p1(2—pB —p*B) & p1(1 = p) > §(1 - pB) & p1 > ig}fff)% which
is the p1-boundary between CIE3 and CIE1.

Condition v < 1 leads to pj-boundary between CIE3 (0 < 1) and CIE2 (0 = 1). By Lemma

1, v™in = 1 iff w(lﬁ_y) > 1 since @ = 1 in both CIE3 and CIE2. Then the Y-boundary

between CIE3 and CIE2 follows from %(plﬁy) = 1 yielding Y2 = lpgl Since v™™ increases in Y,

inequality %;ﬁy) > 1isequivalent to Y2 > Y5 & (1—c/B) > 1- p1 & pp > 1-5(B—c) £ PL,




where P equals the p;-boundary between REE2 and REE3 in Lemma 2.

81—V -
Unlike Lemma 2, condition v < 1, or %;BY) <1, or Y3 < Y8 leads to a different p;-

bound: p1(2 — pB — p?B) —cp(1 —pB) < 2(1—pB) & p1 < % = PY. It can be shown that
PU > PL. Indeed, PU > PL & (2-2pB)(2+cp) = (2— pB)? + pe(2 — pB — p8) — p2B(2 — pB)
P2B(2 — pB) > p?B% + p?Be(l — p), ie., PY = PL when p = 0,8 = 0, and pf — 1. Otherwise, the
last inequality is equivalent to 2 — p8 > 8 + ¢(1 — p), which holds for any ¢ < 1.

When P < p; < PY, both outcomes v™" < 1 and v™™ = 1 are possible depending on the
seller’s choice of inventory (Y or Y2). Therefore, the p;-boundary between CIE3 and CIE2 in this
p1-range is determined by comparing the seller’s profit. Since in this range V3 <vB < y? (by
construction), the maximum profit in the correspondent CIE is determined by FOC, i.e., by V2

or Y3 (no boundary maximum). Therefore, the p;-boundary between CIE3 and CIE2 follows from

the indifference condition, i.e., P, = {ﬁl : PL <1 < PV and TH(Y?®) |p, =5, = %} . Combining

P, with the cases when p; ¢ [PL, PY), we have Py 2 max{P% min{PV, P,}}. We do not provide a

closed form for P» since it involves cumbersome expressions and is irrelevant for further analysis.

A.6 Proof of Proposition 2 (complete info)

For CSC (¢ = 0), a profit-maximizing pj under CIE3 follows from Lemma 4. In this case, profit

FaS 2~ _ _ 2 _ 2 . . S
ITis IT = py (1—29122('01’8_7/)%)4—%]916 1+ p) [p1%—%p1(1+p)].FOC in p; 15(%11:1—

(
pl% + p1B(1 + p) [% - %(1 + ,o)] = 0, which, after collecting the terms with p; is

p1 (22— pB —p*B) — (B+pB)(2 — pB — p*B) + (1 — pB)B(1 + p)*] = 2(1 — p3), where the bracket

[]in LHS is [] = 4 — 2pB — p*B — B yielding the same p} = % as for DSC under incomplete

info given in Table 1. Substitution of this p] into formulas in Lemma 4 for Y, po, 0, and II leads to
the same equilibrium expressions as Y*, p5,v*, and 1I* for DSC in Table 1.

For DSC, similarly to the proof of Proposition 1, part CIE3 of Lemma 4 with ¢ = w provides the

coefficients of Y = ag — a1p1 — ayw,p2 = bip1 + byw, and v = dip1 —dyw : ap = 1,a1 = if, Aoy =

L(1/B=p)br =281 +p) by =1L (1—pB),dy = % and d, = £. The coefficients g;; and

—go9 in front of p% and w? respectively in the expression for profit II”(p;,w), given by Lemma 7,

are negative and HD(pl, w) is concave quadratic. Indeed, g11 = —dy + bi(d1 — a1) = —% +
—pB—p? 1—p2)—2(2—pp—p? . 4—B(14p)2
881+ p) (g’ — 152) = MR teading to g1 = — 504" < 0 and —gn =

—bu(aw +dw) = —3(1—pB) [3(1/B—p)+&] = —% < 0. Then the unique profit-maximizing



w* is w* = — 20012020011 where gig = 14-by(ag—1) = 1; g1o = dw—bl(aw+dw)+bw(d1—a1) =5-

4911922+972
B+ [3(1/B=p)+5]+5[2=p8—p*B—(1+p)(L=pB)] =5 {p—3(L+p)+ P} =
0, and g20 = bw(ap — 1) = 0 yielding w* = 0 and pj = _910-2&-;1)1912 = 47(5(_1?5))2 > 0. Then

m! =1—w*/p; =1 implying the main result of the Proposition.

LHS of the condition of CIE3 existence ﬁ(,% pﬁ)) < p1 < P, holds for p; = pj since ¢ = w* = 0 for
both CSC and DSC, and RHS follows from the result of Proposition 1 for DSC (p} < 1—£(8—c¢)).

A.7 Proof of Lemma 5 (RESE, inventory-independent demand)

The proof uses the same arguments as the proof of Lemma 2, which are applied to symmetric
retailers with profit (9).

RESE1 (only first-period sales) yields the same candidate RESE as for n = 1 (Lemma 2) in
terms of © = pq, the total inventory Yy =1- 0, implying ' = %(1 — 0), and total retailer profit
II" = (p1 — ¢)(1 — p1), which follows from retailers’ symmetry and Lemma 6. The candidate RESE1
exists iff two-period profit (9) is not increasing in y* for any y* > 1 (1 —0) : %—2;] i=1=0 4 < 0, which,
using v = p1, becomes —c — 3 [yl — 5(1 —pl)] +8(1 - Y)|yi ETRRS <0< ppr <cepp <c/p.

RESE2 (only second-period sales) exists iff @ = 1 and v™® = 1, which simplifies profit (9)
to ! = —cy® + B(1 = Y)y

?9{/[; = —c+t ﬁ(l - Y) - Byl = 0. By symmetry, yi = %
which leads to f — ¢ = (1 + %)Y or Y = niﬂ(l — ¢/f3). Substitution of this Y and §f = %
into the expressions for py and II" = nIl’ yields p2 = § |1 — 25(1—¢/B)| = 27(8 + cn) and

" = (po — )Y = 5;‘1: "(17;:1/5) = géﬁ:gz The condition of existence v™" = 1 holds only if & = 1

and, by Lemma 1, if z%zgz > 1. By customer rationality, po = ps = n%rl(ﬁ + cn) leading to
=B +en)>1-pBepi(nt+l)>n+1-np(B—c)ep >1— 2598 —c)=P.

RESES exists iff @ = 1, v™" < 1 (there are sales in both periods) and any retailer i has no

dl’[1
» Oyt

I = —cy’ + B(1 —o™") 4+ B(1 = Y) [y* — 1(1 — v™™)] with FOC ‘(ml =0=—-—c+p1-Y) -

incentive to deviate to sales only in the first period, i.e.

0> 0. Then profit (9) is

l 1— ,Urnm

3 [yi — %(1 — vmi“)] & B —c+ g(l — ™) = B(y* +Y), which, divided by 3, using symmetry
(

Y = z) and customer rationality (substitute p = B(1 —Y) into v™™), is Y2 =1 —¢/B +
%1_p6_1i12%’6(1_y) =Y ("TH + (lpﬁpﬁ)) —c/B+ ii_% Multiplication by n(1 — pf) leads to
Y [(n+1)1—pB)+pBl = (1—c/B)n(l—pB)+1—p, & ¥ = Hnld= plﬁJ)rn(ll ;Z)(l PB)/B gubstitution

of 1-Y = % into py = B(1—Y) and 0* = % results in the corresponding expressions.



Condition 0 < 1is p; +n(p1 — pc) <1+ n(l —pB) or p1(n+1) <1+ n[l — p(f — ¢)] yielding
p1 < P» — the boundary with RESE2. Condition v > p; is p1 + n(p1 — pc) > p1 + np1(1 — pB) or

pc < p1pB, which holds for p = 0. For p > 0, it becomes p; > %

Condition %l;i yimi=t 4o >0 is —Zﬂﬂ + Bﬂ + (1 — "—_117> > c¢. Multiplication by % leads
ton (1 —c¢/B)—(n—1)Y > 1—0, and, after the substitutions of ¥ and 1 —4 = 1 pliyﬁi(f’lpg)(ﬁ ol

the last inequality, multiplied by 1+n(1—pg3) > 0, becomes n(1—c/B)+n?(1—c/B)(1—pB) — (n—

D(1=p1)—n(n—1)(1—c/B)(1=pB) > 1=p1+n[l—p1—p(B—c)] or n(1—c/B)+n(l—c/B)(1-pp) >
2n(1 —p1) — npp(1 — ¢/B), which, after simplifications, yields p1 > 5. This inequality implies that

_ (1=pB)(p18—c)

0 = p; only if p = 0. Treating n as a continuous variable, 2 8n = Brn(i—rB?

> 0 since p; > %

A.8 Proof of Proposition 3 (RPM with inventory-independent demand)

Similarly to the proof of Proposition 1, part RESE3 of Lemma 5 provides the coefficients of

Y = ag—a1p1 —auw, pa = bip1+by,w, and v = dyp1 —dy,w, which, for v = 0, are still linear functions

C g — — 1 n(1—pf) _ +1
of pr and w : ag = 1,01 = T+n(1—pB)’ Qv ma = Bai,by = Bay,d1 = ﬁa and
dy = ﬁ. The coefficients g1 and —ggo in front of p? and w? respectively in the expression

for profit TI” (py,w), given by Lemma 7, are negative and IT1” (p;, w) is concave quadratic. Indeed,

_ _ n+1 8 _ Bn=(n+1)[1+n(1-pB) _
gu = ~di+bi(d1 — a1) = ~ 1=y T T8 TGS — [1+n([17p7/;’)]2 # <0 and gz =
_ _ _ _n(1-pB) n(1—pB) np . n?(1-pB) .

bl + dw) = ~ T2 [ ariatom) + Trattom| = Ao < O Then the wnique

profit-maximizing w* is w* = —%, where g19 = 14+b1(ag—1) = 1; g12 = dyw—b1(aw+dyw)+

_ _ np _ B n(1—pp) np n’(1-pB)  _ n[n(1—pB)(1+p)+p—1]
bu(dy — a1) = 1+n(1-pB)  1+n(1-pB) [ﬁ[lJrn(l B T Thn(i- pﬂ)] T H+n(1-pB)2 [1+n(1—pB)]2

TL2 n—(n n TL2 n(l— —1]?
and gog = by (ag—1) = 0 yielding 4g11go2+g%5 = An"(1=pP){Bn= +1)[1;[1(+n€1/32];)}5}4 Aln(1=ph)Ute) o] )

which numerator is 4n33(1—pB)—4n2(1—pB) (n+1)[1+n(1—pB)]+n2B {[1 + n(1 — pB)] (1 + p) — 2}*.
The second term can be written as n28 {[1 (1= pB)2 (1 + p)2 — dn(1 — pB)(1 + p) — 4p} or
n23 {[1 Fn(l—pB)2 (1 +p)? —dn(l — pf)p — 4p} — 4n3B(1 — pB). Then the numerator becomes
—An2(1— pB)(n+ D1+ (1~ pB)] +n?5 {[1+n(1 — pB)J? (1 + p)2 — 4p[1 +n(1 — pB)]} . This ex-

pression can be rearranged as [1 + n(1 — pB)] [—4n®(1 — pfB) — 4n?] + n?B[1+ n(1 — pB)% (1 + p)?

or as [1+n(1— pB)>n? [B(1+ p)? — 4] . Then w* = f“["ﬂuff()l(jg))]tp 1 QE[;(ﬁp)@% or w* =
5{71717'0[_1;{{8:;)'3']37'3)}}. Another form is w* = 5[1ZFP[(31(1*J/:§)*5)} _ M“;&fp)g}, i.e., w* increases in n

B{1+p(1—pB—B)}
4-p(1+p)?

plies that 8&/} is monotonic in n. Therefore, 88—“; > ( for any n since, by Proposition 1, 68—“/’;|n:1 >0

with the maximum w*|, 00 = € [4 7 2) for p € [0,1). The last formula for w* im-



0B)243(1— 2 _
AlO=p0)*+30=0)+5( +2p5+5-4p)] > 0 because p? 4 2pf3 + 3 — 4p decreases in p and

w*
and aip‘n—)oo =

[4—B(1+p)2]
inf, (p*> +2pB+ B —4p) =0at p— 1.
x _ glotw*giz _ B{n—=14+p[l+n(1—pB—PF)]} n[n(1—pB)(1+p)+p—1] —[1+n(1-pB))°
By Lemma 7, pj = #5252 = 01 4 n[4—B(1+p)?] [1+n(1—pB))2 }2{5n—(n+1)[1+n(1—pﬂ)}}’

[4=B(1+p)?|[14n(1—pB))*+8{n—1+p[1+n(1—pB—B)]}n(1—pB) (1+p)+p—1]
2B +p)2 (B (n+ D[I+n(1—pB)]}

second term in the numerator equals S {n(l — pB) + 1+ np(1 — pB) + p — 2} [n(1—pB) +14+np(1—
pB)+p—2 = B{[n(1 = pB) + 1] (1 +p) — 2}* = [n(1 — pB) + 1] B(1+p)* — 4B [n(1 — pB) + 1] (1+

2
p) + 43. Then p} = 27[21(2?1” f[));;ﬂ Bzﬁj&;fﬁig(]ﬁ;g))ﬁﬁ , where the second term in the numerator is

which can be written as —

, where the

nB(1=pB)(1+p)+pB = nB(1—pB)+pBIn(1—pB)+1] yielding pj = 2" 71RO IEE_r L (2] —

=B (1+7)? {Bn—(n+)[1+n(1-pB)]}
gt DI = (205285, which coincides with pf for n = 1 given in Table 1.

2(1=pB)+(1=pB){n—1+p[i+n(1—pS—PB)]}
[14n(1—pB)][4—B(1+p)?]

merator of the fraction is (1—pB3) {1+ n(1 — pB) + p[1 +n(l — pB)]} = (1—ppB)(1+p) [1 + n(1 — pB)]

yielding Y* =1 — (};g@ﬁ)g’) = i:%ﬂ(l_ fp_)é’ , which coincides with Y* for n = 1 given in Table 1.

Given these pj,w*, and Y™, the equilibrium values of p5 = (1 — Y™) (by 5), v* = % (by

Lemma 1 with & = 1), and ITP* = TI"™* 4+ II"* = p}(1 — v*) + p5(Y* — 1+ v*) (by Eqgs. (2) and (3)

Given p] and w*, Y* =1—a;p] —a,w* =1— , where the nu-

with D =1 —v* < Y*) also do not depend on n and equal the correspondent values in Table 1.

However, since w* depends on n, II"* and II"™* also depend on n. After substitutions of equi-

Bin—1+p[l+n(1-pB—B)|}(3—pB—B—p)
n[4—B(14p)?)?

, which, for n = 1, coincide with the

librium values into (2) and (3) and simplifications, II"™* = and

An—B{an—3—B(n—1)+p[4(2n+1)—pB(5n+1)—6nS—p+np?(1+p)?| }
n[4-B(1+p)?)°

corresponding values in Table 1.

HT‘* —

As to the type of RESE, recall that the actual manufacturer profit, after applying the fixed
fee, is TIP*, which equals the one in the case of n = 1 (Proposition 1). Therefore, as is shown
in the proof of Proposition 1, the manufacturer has no incentives to deviate from RESE3 because
RESE3-profit II”3* always exceeds the profits of other equilibria.

The retailers also have no incentives to deviate from RESE3. Indeed, LHS of the condition

. . . —14p[l+n(1—ps— 28(1—
of RESE3 existence % <pp <1—:29p(8—w*) = Py is Bin :[Z[_;(’ﬁp)g’f Al < 4—615(1f5))2

orn—1+p[l+n(l—pB—P)] < 2n(l —pB) < n[l+p(l—pB)—pB—-2(1-pB)] < 1-0p
< n(l —pB)(p—1) < 1— p, which always holds. The right inequality is % <1- % +
oy B0 O o [4— B(14p)?] (n+ 1 —npB) + pB{n — 1+ p[L+n(l—p8 — B} >
2(n+ 1) (1=pB), where LHS is [4 — B(1 4 p)?] [1 + n(1 — pB)]+pB{n — 1+ p[L + n(1 — pB)] — npB} =

[14+n(l—pB)] (4= B—2pB)+pB[n(1 — pB) — 1] and RHS is 2n(1-pB)+2-2pf = 2[1 + n(1 — pB)]—

10



2pB. Then condition pj < Py is [1 +n(1 — pB)] (2 — 8 — pB) > 0, which always holds.

A.9 Profit function for inventory-dependent demand (v = 1)

Recall that the first-period total sales are Q@ = 1 — v™" and retailer i sales are ¢* = di(yt,y ),
which, for v = 1, is yig. The second-period sales of retailer ¢ equal its second-period inventory
Y (1 - %) . Then the general expression for retailer i profit, using (6) and (10), takes the form

7 7

Il = —cy +p1y?(1 — ™M) + max {s, 3 (1 - Y)} {yi - y?(l - Umin)} - (14)

Although this expression is continuous in all parameters and inventory y¢, it is generally not
globally differentiable. Next, we consider all possible subintervals for 3*. Each subinterval results

in a differentiable expression for the profit function and a qualitatively distinct market outcome.

A.9.1 No sales in the second period

Formula (6) for profit becomes II' = (p; — ¢)y*, which yields a unique profit-maximizing inventory
Yt = (1 — pmin _ Y_"L')+ , where Y~/ = z#i y/, and the maximum IT* = (p; — ¢) (1 — pmin _ Y_Z')+ ,

leading to the result similar to Lemma (6) for n = 1:

Lemma 8. For given model inputs and customer expectations, retailer rationality implies that the
effective domain of the inventory decision is y' > (1 —v™® —Y~)% and (p; — ¢)(1 — ™ — Y )+

is the lower bound for the optimal profit.
This lemma and the rationality of customer expectations immediately imply the following result.

Lemma 9. In any rational expectations equilibrium, (1) pa < [p1 if there are sales in the second
period; (2)Y > 1 — p1, which holds as an equality only if there are no sales in the second period;
(8) pBY < 1 — py if there are sales in both periods and py > s; pBY > 1 — p1 and pa > c if there
min

are sales only in the second period; and (4) v™™ =p1 iff @ =0 or p=0.

P

Proof From Lemma 1, we have v™" = p, iff i:gpp? < p1, which is equivalent to apfSp; < apps.
Within feasible parameter values, the later holds iff either & = 0, p = 0, or 8p; < py. By Lemma (8),
Y > 1—v™®, Thus, either of p = 0, @ = 0 or Bp; < Py implies that Y > 1—p;. Moreover, Y = 1—p;

means there are no sales in the second period, whereas Y > 1 — p; means that these sales occur at

price pa < fp; according to the market clearing condition (10).
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Part 1: We conclude that po > Sp; would never be rational and, in any rational expectations
equilibrium, we must have py < Gpy.

Part 2: By the above reasoning, & = 0 implies v™" = p; and Y > 1 —p;. However, Y > 1 —p;
in combination with v™® = p; means that there are second-period sales and & = 0 is not rational.

If @ = 1, by part 1 and condition (10), we have S(1 —Y) < max{s,3(1 —Y)} = pa < OBp1.
Thus, Y > 1 — p; in any rational expectations equilibrium with a = 1.

Part 3: Because in any rational expectations equilibrium, ps = po and & = 1 if there are sales
in the second period, Lemma 1 implies that, if there are sales in both periods, v™* < 1, which,
using (10), is equivalent to p; — pB(1 —=Y) < 1 —pf or pfY < 1 — p;. If there are sales only in the
second period, p1 —pB(1—Y) > 1—pB or pBY > 1—p1; pa > ¢ because, in this case, II' = (p2 —c)y’,
and retailers are profit-maximizing.

Part 4: As Py > p1 would never be rational, v™™ = p; can occur in a rational expectations

equilibrium iff & = 0 or p =00

A.9.2 Second-period sales with py > s

If o™ > 1Y (ory’ > 1—v™"—Y ) there are sales in the second period. If 0 < y* < 1—s/B8—Y ¢,

then po > s and the profit is IT? = —cy’ —|—p13/7i (1—o™) 481 -Y)y (1 B 1_va111>

= vy —erm-sa-v) ] (19
- yi[ﬁ(l—Y)—c—i—ﬁ(l—Umin)—&—(pl_ﬂ)g_vmm)] (16)
with %2; —y [ﬁ (_1 + 1—;}/“““‘) _ (m—ﬁ(l—;’%)(l—v"‘“‘)} +B(1-Y)—c+ [pl—ﬂ(l—l;)](l—vmin)
=B(1-Y)—c+B(1L—v™") =By + (p1 — B)(1 — ™) (Y — )/ Y7, (17)
which, using equations Y =y’ + Y ¢ and (16), can be rewritten as
21;; =B(1-Y ) —c+B(1—v™)—28y + (m — B)(1 - vmin)i;_;. (18)
The second derivative is
86(2;;2 = 2|54 (o~ (1 - ")y (19)
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A.9.3 Second-period sales with py = s

This case is possible only under oligopoly, i.e., Y% > 0 (for a monopolistic retailer, any py < c is
not rational) and only for v™" < 1 (there are first-period sales, otherwise profit is negative). If
there are sales in the second period and 3° > (1 —s/B— Y‘i)+ (or Y > 1—5s/B), then py = s

and (14) becomes II' = —cy’ 4+ pry* (1 — ™) /Y + sy’ [1 — (1 — v™") /Y]
=—(c—8)y +y (1 —s) (1 —0™") )Y (20)

with the derivative
aHi )
oyt

Y-y
Y2

—(c—s)+ (p1—8) (1 —v™) = —(c—s)+Y " (p —s) (L —v™™) /Y2, (21)

which is monotonically strictly decreasing in 3* when v™" < 1.

A.9.4 Properties of the profit function

The following lemma provides the properties of retailer i profit II?, using the continuity of II¢ in 1.
The best response in the retailer game depends on Y% = Y — ¢ — total inventory less the inventory
of retailer 7. If Y~ < 1 — s/f3, retailer i can influence po. Namely, ps > s if y* <1—5/8—Y % (no
salvaging) or po = s if y* > 1 — s/ — Y~ (salvaging). If Y% > 1 — s/8, salvaging is forced on

retailer 4, i.e., po = s regardless of y°.

Lemma 10. The profit function I is such that
(1) If 1 —s/B — Y~ >0, then
1.1) o’ o’
( ) Iy’ yi=1—s/8-Y ~"1—0 < 9y’
(1.2) (1 —s/B—Y ) <0 iff

yi=1—s/B-Y 40

(b1 —s) (1 —vmin)
0 s/Pc—s) = (22)

(1.8) I is pseudoconcave in y' and strictly concave if py > Bv™™" on the interval (1 — v™™ —
Yt <yi<1-s/8-Y;

(1.4) TI* is strictly concave on the interval leading to py = s, i.e. y* > 1—8/B—Y ¢; and

(1.5) ' is pseudoconcave on the interval y* > (1 — v™® — Y =1+ 4f either

ot <0 or ot > 0.

dy’ yi=1—s/B—Y~i-0 o

8yi yi=1—s/B-=Y ~i+0

(2) If 1 —s/B—Y "1 <0, Il is strictly concave on its entire domain y* > 0.

13



Possibility of asymmetric equilibria When there are no sales in the second period, profit-

" is determined up to a redistribution of inventory

maximizing inventory vy’ = (1 — pmin Y‘i)
among the retailers. In this case, the model allows for a continuum of combinations of profit-
maximizing g, satisfying Yoy Y=Y =1— o™i,

When there are second period sales (y* > (1 — pmin Y‘i)Jr), parts 1.3 and 1.4 of Lemma 10

imply that in both cases py > s and py = s, profit-maximizing 4’ results from adlgf =0.
When py > s, using (17) for %l;i , for any y* and 3/ (j # i) satisfying %H; = %%; = 0 we have

%I;: — %TH; =0=(y —y") [B+ (p1 — B)(1 —v™")/Y?], yielding y/ = y’ because the bracket [] is

always positive. Indeed, [-] > 0 < p1(1 — v™®) + B[Y2 — (1 — v™i1)] > 0. As v™" > p;, by part 2 of

Lemma 9, Y2 > (1—p1)(1—v™"). Then py (1 —v™") + B[Y2 — (1 —o™™)] > (1 —v™)[p; — Bp1] > 0.

When there are sales in both periods (v™® < 1) and py = s, the first equation in (21) implies

ot _ oIl _
oy = oy = 0, are such that

s)(1 —v™) /Y2 ie., v/ =y because (p; — s)(1 —v™") /Y2 > 0.

g hel ‘ ;
M — I = 0= (y —y")(p1

that any v’ and ¢/ (j # i), satisfying

A.10 Proof of Proposition 4 (RESE1-3, inventory-dependent demand, v = 1)

The proposition exhaustively covers all market outcomes without salvaging: only first-period sales
(RESEL1), only second-period sales (RESE2), and two-period sales (RESE3). Logically, these out-
comes are mutually exclusive but it is not obvious a priori that they cannot exist under the same
model inputs. In the course of the proof we establish that these outcomes do not overlap in the
sense of their necessary and sufficient conditions. RESE definition (§4.1) rely on the notion of a
symmetric equilibrium for given customer expectations. The structure of such an equilibrium is
one of the major sources of necessary and sufficient conditions. Another source is the rationality

of customer expectations. We first classify the outcomes by the presence of second-period sales.

First-period sales: RESE1 By Lemma 8, the absence of second-period sales and retailer ratio-
nality imply that the best response in a symmetric equilibrium occurs with Y = 1 — o™, Customer
rationality demands that & = 0 and v™" = p; implying that the candidate RESE is described by
o =p1,Y =1— 0, and, therefore, & = 0 and total retailer profit is II" = (p; — ¢)(1 — p1). This
implies that ”T_lff = ”T_l(l —p)<l—-pp<1-— % and condition of part 1 of Lemma 10 is satisfied.

Since, by part 1.3 of Lemma 10, II* is pseudoconcave on the interval (1 — o™ — Y =)+ < ¢ <
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1 —5s/B — Y the candidate RESE exists iff
(i) there is a local maximum of II* at y* =1 — o — ”Tflff =Y /n and
(ii) the profit IT* at this maximum is greater than at a potential local maximum on the interval

. e
y>1- 5 - nely

Condition (i) is equivalent to <0.As ¢yt = %(1 — p1), the last inequality,

(9 i1 n—1Y
y' yi=1-0—-""=Y 40

using (17), becomes 39— c+py — o+ (1 —p1) [— (1 — ,6’13)1%@} < 0, which, after the substitution

for © = p; and multiplication by n, takes the form np; — p1(1 — ) < nc or p; < = P. We

nc
= B4+n—-1
showed that this condition is necessary.

Condition (ii) is satisfied if II* is nonincreasing for y* > 1 — s/ — ”—71}7 Because IT' is concave

on this interval by part 1.4 of Lemma 10, it is nonincreasing if %H , . <0. The
V' lyi=1—s/8-2-1Y 40

latter, using (21), can be written as

n—1 1-p n—1(p1 —s)(1—p1)?
— —s)(1— <0 <1. 23
T e [ K
As p1 > s/, we have ((1 p/lﬂ))g < 1, and (23) is implied by (n — 1)(p1 — s) < n(c — s). The latter
holds because, by (already proved as necessary) condition p; < P, n(c—s) > (n—1+)p1 —ns =

(n—1)(p1 — )+ Bp1 —s > (n—1)(p1 — s). Therefore, condition p; < P; is necessary and sufficient

for the existence of RESEL.

There are second-period sales: RESE2 or 3 When there are second-period sales, a symmetric
equilibrium Y =Y > 1 —vmm, by Lemma 10, is an internal maximum of the profit function for each
retailer. Using (18) for i - with y' = Y/n and Y = =1y, FOC 8“ =0is0=p8(1-21y) -

1) 25T+ (18151 s = BEELY e B3 18151

Multiplication of the last expression by —WY yields

2 n min C n—1 miny __
YYn+1(2v 5) n+1(51>(1u ) =0. (24)

Equation (24) along with the relation between v™" and Y from Lemma 1 and inequality ¥ >

min
1 — p1 (from part 2 of Lemma 9) provide the necessary conditions for any equilibria with sales in
the second period and py = (1 —Y) > s.

min

Consider v™™" as a function of Y. For rational expectations & = 1 and ps = p2 = (1 = Y),

denote the mapping from Y to v™" resulting from Lemma 1 as function

VI (YY) 2 max {pl, min{p1 _lpf(;ﬁ_ Y) 1}} (25)
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min

min
v

dv

Figure 2: Possible appearance of v3%(Y") and the relevant range of v™n

When p > 0, this function is increasing and piecewise linear with two breakpoints. It is straight-

forward to check that the first break-point occurs exactly at ¥ = 1 — p; whereas the second at

rmn —

y =1 =D1-

Equatlon (24) yields another mapping from Y to v™i®

Y2 - Yn+1 (1-¢/B)

g
? Y5 n+1 + n+1 (pl//B )

(26)

When p; # § and n > 1, this function is a hyperbola with a vertical asymptote Y = @ (1 —p/B)

and an asymptote with a negative slope —%. When Y =0 or ¥ = - 5 (1—=¢/B), vRn(Y) = 1.
Implicit differentiation of (24) yields 2Y — -5 (2 op — %) +Y e agg;m +Z+% (%1 - ) 875;;"“ =0
resulting in (n — 1)(p; — 5) 822$ =n(B —¢).

When p; > 5 and n > 1, the vertical asymptote is to the left of Y = 0 implying that points
(0,1) and <nL+1 [1—c¢/p], 1) in the (Y, v™™")-plane belong to the same branch of the hyperbola,

see Figure 2 (a), where a solid curve is v5*(Y) and dotted lines represent its asymptotes. In
min 81}2 in

. v
this case, 82Y

> 0 and it must be true that

<0 foral Y > .25 (1—c¢/B). Relevant

equilibrium candldates can only be on the downward-sloping segment of v"(Y') to the right of

Y = —¢/f) and in the range p; < v™® < 1, depicted in dashed lines.

n+1 (

When p; < 8 and n > 1, the vertical asymptote is to the right of Y = 0 implying that points

16



(0,1) and (nLH [1 — %] ,1) belong to different branches of the hyperbola, see Figure 2 (b). We

have ag;;m < 0 for all Y, and the entire left branch is irrelevant because the vertical asymptote is
to the left of Y = 1 — py. Indeed, "T_l (1 — %1) < 1—p; is equivalent to np; — (n — 1)%1 < 1 which
always holds for p; < . All possible equilibrium candidates are again on the downward-sloping

segment of v3"(Y) to the right of Y = T (1 - %) and in the range p; < v™® < 1.

When p; = f or n = 1, the relevant part of v (Y) is decreasing linear: v3*(Y) = 2— % — "THY,
which also satisfies Uénin<ni+1 [1 - %D = 1. Thus, regardless of n and the relation between p; and

B, the geometric structure of potential equilibrium candidates is essentially the same.
RESE2: There are no sales in the first period at a RESE iff ¢ = 1. The geometric struc-

ture described above implies that such an equilibrium can be realized only if v¥®(Y) inter-
min )

sects with v5"(Y) at a point corresponding to ¥ = el (1 - %), ie., oY) = 1 or p; —

oJe] [1 — o (1 — %)} > 1 — pf, which is equivalent to p1 > P =1 — 25p (8 —¢). This nec-

A~

essary condition is also sufficient for RESE2. Indeed, given that v{"(Y) = 1, the equilibrium

values are in the form of RESE2, py = 3 [1 — (1 - 9)] =netl 5 > sand y' = Y/n in-

n+1 ] n+1
deed delivers the best response of retailer i because ¥ = g (l—c/B)<1-¢/B<1-s/B and
%I;Z yimims/8—n=17 40 = —c+ s < 0 implying, by part 1.5 of Lemma 10, that II* is pseudoconcave.

The description of RESE2 is completed by substituting o, ¥ and o into (16): II! = % [6 tne c}

n+1
1 c B+nc el = (B—c) B+nc—nc—c __ (B—c)?
n+1 B — (ntD)B  ntl — (nr1)28"

The pi-ranges in RESE1 and 2 do not overlap because the minimal lower bound for p; in

RESE2, which corresponds to n — 00, exceeds the maximal upper bound in RESE1 (at n = 1):
L=p(B=c)>c/B & B(1—pB)>c(l—ph).

RESES: 1In this case, Y > 1 — 0 (there are second-period sales) and p; < © < 1 (there
are first-period sales) with © = p; only if p = 0. Translating this into the geometric structure
described above, necessary conditions for RESE3 are vi™i® (nLH (1 — %)) < 1and v¥""(1—p1) > p1.
The first condition is equivalent to the negation of p; > P, i.e., the strict upper limit of p;-

range for RESE3. The second condition ensures that v3*(Y) intersects v (Y) for Y > 1 —p;

(1=p1)?=(1=p1) 5 (1—¢/B)
(1=p1) 25+ 21 (p1/8-1)

Lo (U020 5 0, t0 (1= p1) [(1= 1)ty + 25 (01 /8 = 1) = (L= 1) + 325 (1= ¢/B)] > 0.

Collecting like terms inside [-] yields (n — 1+ 8)p1 > nc which is the negation of the necessary and

and is equivalent to 1 —

> p1, and, since (1 —p1)5 + Z—j& (p1/B—1) =

sufficient condition p; < P; of RESEL, i.e., the strict lower limit of p;-range for RESE3.
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Given that necessary condition P; < p; < P> holds and there are sales in both periods, the

candidate point for the equilibrium, by Lemma 1, satisfies

—pB1—-Y
1—pB
and © € [p1,1). Substitution for v™™ = ¢ into (24) results in the following equation for Y:
— 1-Y —1 — 1-Y
v2_y " (2_101 pB( )_C> n (_1><1_p1 pB( )>:0’
n+1 1—pB B n+1\ 8 1—pB
which, after collecting the terms with Y, becomes
-1 _
Y2<1+ n__ro )—" <pl—1><1—p1 pﬂ) (28)
n+11—pp6 n+1\p 1—pp
_Y[ n <2_p1—pﬁ_6>_n—1 (pl_1> pp ] _
n+1 1—-p8 B n+1\p 1—pB
The coefficient in front of Y2 is 1 + T ﬁﬁ = (nﬁ)l(ff ff,ﬁ), and the coefficient in front of Y

is —m {n2=2p8—p1+p8—10—pB)c/B]—(n—1)(p1/B — 1) pB}, where the first term
in the bracket {-} isn[2—pB8—p1—(1—pB)c/B] = n(1—pB)(1—c/B)+n(1—p;1). Then multiplication

Bnt+1)(1=ppP)
of (28) by B(n+1—ppB)

vz B=cn(=pB)+ B —p)n—(p=Bpfn-1), (=B -p)n-1)
B(n—+1—pp) B(n+1—pp)

By geometric structure under condition P> < p; < P, the larger root of this equation does belong

results in

—0. (29)

to the region Y > 1 — p; and the smaller root is irrelevant.

The conditions for RESE3 will become necessary and sufficient if (29), (27), and P; < p; < P,
are complemented with the conditions guaranteeing that the larger root Y of (29) is such that
Y <1-— % (implying py > s and included as a condition of the proposition) and either

(a) the profit II° of retailer i deviating from this RESE so that ps = s (the total inventory is
greater than 1 — %) has no maximum for ¥ > 1 — %, or

(b) if IT" = max,; II" exists for ¥ > 1 — %, then inequality I < II holds.

A

Since, by part 1.4 of Lemma 10, II’ is concave for y* > 1 — s/3 — "T_IY (or, equivalently,

Y >1-s/B), I" is nonincreasing for y* > 1 —s/8 — "= 1Y iff %1;1[1 yim1—s/p—n=1¥ 40 < 0. Thus, the

latter condition is equivalent to (a). Using (21) with o™ = §, Y~ = ”Tflff, and Y =1—s/f, this

condition is —c + s + "= (1 S/B)Q (p1 —s) (1 —v) <0, yielding condition (a) of the proposition.

If 661;1 > 0, then, sinc

yi=1—s/B-Y ~i+0
I = max,; II" exists for Y > 1—s/3. Then RESE exists if I’ > 1T’ (condition (b)). To provide the

(21),
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(a) RESE3 (b) RESE2

: ! min
pin \ )
I
1

L,min
U3

H’T’rl[lfﬁ]lfpl

Figure 3: Changes in equilibrium structure from RESE3 to RESE2 and RESE1

expression for I, denote the maximized deviator’s inventory decision by §* £ argmaxII’ > %Y

As a result of this deviation, the total inventory is Y = g* + ”Tflff When the number of bar-

OII*
oy’

gain hunters B is large, then, using (21) with v™» = &, we obtain FOC in Y:

yi:gi
0= —(c—3s)+ n-1Y (p1 — s) (1 — ), which yields Y = \/”—AM. In general, ¥ =

n y?2 n c—s

n Cc—sS

min {f) - % + B, \/nlY(pl—s)(l—'u)} , where 0 — % + B is the total number of the second-period

customers. Substitution of ¥ = Y and ¢y = Y — =1y into equation for profit (20) yields

n

I = (Y - %f’) [—(c—3s)+ (p1 —s)(1 —9)/Y]. When Y is determined by FOC, II* is II* =

{\/”T_l 73/@1;2(176) — ”T_lff} X {— (c—s)+ (p1—5)1-9) }, which, after factoring out ”T_lff from
n—1Y(p1—s)(1-9)

n—1)  (c—s)Y

2
or IT* = {\/(pl —s)(1—0)— \/”T_lf/' (c— s)} . Expression for II" follows from (6) and Lemma 1.

We complete the proof by a simple observation that equilibrium characteristics are continuous

2
the first curly bracket and c¢—s from the second one, becomes IT* = "Tflff (c—s) {\/( n_(p1-s)1-9) _ 1}

on the boundaries between RESE1 and 3 as well as RESE2 and 3. Figure 3 (a) depicts a typical
configuration of v1*(Y") and v5"(Y') when RESE3 exists, whereas subplots (b) and (c) depict this
configuration at the points of change to RESE2 and 1, respectively.

RESE3 continuously changes into RESE2 as the intersection point of v**(Y) and vi"(Y)
representing RESE3 moves toward the point (RLH [1 — %] , 1) on v5"(Y') representing RESE2. The
latter point is to the left of all possible candidates for RESE3 located on vénin(Y) implying that, in
RESE3, ¥ > - [1 — %} Similarly, RESE3 continuously changes into RESE1 as the intersection

n+1
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point of v (V) and v5*(Y) moves toward v (Y')’s break-point (1—py, p1) (representing RESE1).
The continuity of II" follows from the continuity of the expression for II?, given by (14), in all the

. ~ > . i 19
parameters and continuity of ¢ and Y (using y' = Y.

A.11 Proof of Corollary 1 (RESE3, p = 0, second-period sales at loss)

For § =1 and p = 0, p;-range in RESE3 is ¢ < p; < 1. Thus, RESE1 and 2 cannot be realized.
By the proof of Proposition 4, Y3 <1 — c¢/B is equivalent to & > v (1 — ¢/B) because v (Y),

given by (26), is decreasing in the relevant range of Y. Using f =1and Y =1 — c in (26), we get

min _ (170)2*(1*0)2# - (1—c)? .
v (1l —c) =1-— 0+l pD) — | T mmi—a+ i Thus, under conditions of the corollary,

(1—c)?
n(p1—c)+1—p1

2
and solving for n we get n < pllic (q:;)l —(1- p1)> — 22;01 =924+ 11’1;:.

N2
pp>ciff o =p; >1— . Rearranging this inequality we obtain m >1—p,

A.12 Proof of Proposition 5 (RPM with inventory-dependent demand)

Since the values in Table 1 correspond to REE3 with two-period sales, formula for w* may follow

from equation (29) for Y in RESE3 by plugging in Y =Y* and p1 = pj from Table 1, i.e.,

3—pﬁ—6—p>2 3—pB—B-p 3—pB—p—p__ 4—B(1+p)
() ot o= 0wa = T -y g @
_ (Bmw)n(1—pf)+B(1—pj)n—(pi—B)pB(n—1) _ =) (—p7)(n—1)
where a; = BntlpB) pp=20-08) and ap = g1 5 e 2008)
oot 21—~ BlU=B (0]
: * * * 2—pB— * — —pl4—
The expressions for 1 —p} and p; — 3 are 1 —p} = % and 12)1 —-B= p4_6(1+p)2 £l Thzen
the numerators of a; and ag are Sn(1—pf) —wn(1—pps)+ (2=6-r ’8)Bn_pB(Z:lﬁ)({li(;);pB)_ﬁ[4_5(1+p) I}
2—-B—p*B)Bn—pB(n—1)2(1—pB) (n=1){2(1—pB)—B[4—B(1+p)*] } (2-B—p*B
= Bl = ) = wn(1 = pf) + CEL L VD g OV I CA)
o . ntl— " n— 2-B—p*B)Bn—pB(n—1)2(1-ppB)
Substitution into (30) multiplied by % leads to w* = /781((1—55)) + ( nlo(li)pﬁ)[4liﬁ(1+p)2] AL

(3—pB—B—p)B(n+1-pB) | (n=1){2(1-pB)—BlA—-B(1+p)*] } (2-B—p*8) _ by +by—ba+ba
n(1—pB)[A—B(1+p)] n(1—pB) (3—pB—B—p)[A—B(1+0)?] = n(1=pB)(B—pB—B—p)[A—B(1+p)

bi= Bn—pB)B—pB—B—p)[4=BL+p)?], bs = B—pB—F—p)"Bn+1—pb), bz =
(B3=pB—=B-=p)[(2—8—p*B) Bn—2pB(n—1)(1 — pB)], and by is the numerator of the last frac-
tion in w*. Rewrite b; as by = B(n — pB)[(1—pB) + (2 -5 —p)] [2(1 = pB) +2 -5 - Bp*] = B(1 -
pB)(n—pB)[2(1 = pB)+2(2—B—p)+(2—B—Bp*)|+(2—B—p)(2—B—Bp*)B(n—pB), br = —2pB(n—
1)(1=pB) (3 = pB — B — p)+[(1—pB)+2—B—p] (2 — B — Bp?) Bn, bs = (1=pB)B (3 — pB — B — p)*+
nB(l—pB+2-0—p), and by = (2—6-p*8) (n = 1) {2(1 = pB)(1 - B) - B2~ B Bp*)} .
The sum of the terms in all b; without multiplier 1 — pf3 is (2 — 8 — 8p?) (2 — 8 — p) B(2n — pB) —

7 where
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nB(2—p—p)* —Bn—1)2-B—Bp*)? = —Bnlp(l - pB)* — pB*(2— B —Bp?) (2—B—p) +
B2~ B~ Bp*)? = —Bnlp(l—pB)* + B (2~ B~ Bp*) (2= B)(1 — pB). Then w* becomes w* =
AT sy Where {} = B(n — pB)[2(1 — pB) +2(2 — B p) + (2 — B— Bp*)] —2pB(n —
DB—pB—B—p) +(2—B—pp*) Bn—BB—pB—B—p)* —nB[l—pB+2(2—B—p)] +2(1 -
B)(n—1)(2—B—p*B8) +B(2—B— Bp*) (2— B) — Bnp*(1 — pB). The sum of the terms with the
multiplier An is 2(1 — pB) +2(2— B—p) + (2= B—Bp?) —2p(3—pB—B—p)+ (2— B Bp?) — 1
+pB =228 —p) =22—B—p*B) = p*(1 = pB) = (1 + pB)(1 + p*) — 2p(3 — pf). The sum of the

terms without the multiplier An is 4(n — 1) — B(1 + p?)(2n — pB?) +2p?B> — 6pB% — p?B + 6pB(2 —

« _ An—1)—=B(1+p%)(2n—pB?)+2pB%—6pB2 —p? B+6pB(2—pB)+B+5n[(14p8) (1+p?) —2p(3—pB)]
pB) + 5. Then w” = A=A+ 7= F—5—)
4(n=1)+B{14pB(14p)>=6pB—p*+6p(2—pB)—n[(1—pB) (1+p*)+2p(3—pB)]
n[4—B(14+p)?|(3—pB—B—p)

} leading to the most compact formula:

n— 2 2 8- —nl(1— Y

w* = A 1)+5{1+P[5 (iﬁ?ﬁ(frg(zi(gffpﬁ@]ﬁ_pg(l PB)te) +4p]}. Using intermediate expressions, w*
. % n— — —B— —p? . .

can be written as w* = m (ﬂﬁ@ —pB—B)+ (=L ;_6/))/(84_56_1)2% L B)) , which is the ex-

pression in the proposition statement. It is easy to observe from this expression that, for n = 1,

the bracket (3 — pf8 — 8 — p) cancels out and w* coincides with the corresponding formula in Table

. * 2— —
1, ie., w'p=1 = w‘

Another expression for w* follows from collecting terms with n in the numerator, which leads

to the two-term formula where, in the first term, the bracket n {4 — 8 (1 + p)ﬂ cancels out, i.e.,

o L1=rB  g(p.B)
3—pB—B—p no

_ (2=pB)2(1—pB)—B{1+p[4—p(1+B—28%)—68+57]
and g(p, ) = [4—B(1+)%]3—pB—B—p)

p € [0,1) since the denominator is positive and it can be shown that the numerator is also positive.

(31)

}. Function g(p, ) > 0 for any 5 € [0,1] and

Indeed, the derivative of the numerator w.r.t. pis 3 [—3p252 +(2—48%+128)p — 12+ 683 — BQ] ,
where [-] is concave quadratic in p with the discriminant that simplifies to 4(1 + 128 — 432 — 63> +

£%) > 0, i.e., this derivative is positive only between the roots. It can be shown that the smaller root,

(1 — 282+ 68 —\/1+128 — 462 — 663 + B4> /(3/3?), takes its minimum equal to one at 8 = 1, i.e.,
the range between the roots is irrelevant, and the derivative of the numerator w.r.t. p is negative
for any p € [0,1). Therefore, the numerator of g(p, 3) is always positive if it is nonnegative at p = 1,
which is 4(1 — 82 + 3% — 38). The sum 82 — 38 + 34 is maximal at the double root 312 = 1 of the
FOC 382 —68+3 = 0 because 3 = 1 is, obviously, an inflection point, and this term increases from 0

to 1 when g € [0, 1]. Hence, g(p, 8) > 0 for any p € [0,1) and 8 € [0, 1]. Then, by (31), w* increases
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8W*|n~>oo _ (1_6)2

. " . 1—pB . . .
in n, and w00 = sy which does not decrease in p since p = BB and,
therefore, for f < 1, w*|p 00 € [ 5 2) when p € [0,1), and w*|p—00 = % for 5 = 1. Combination
of this result with monotonicity of w* in n and w*|,—1 = % € [0,3) (by the proof of

Proposition 1) implies that w* € [0, %] for any n > 1. w* increases in p except for w*|, 00 at f =1

when it is constant because, by (31), 8(% is monotonic in n, 83715|n:1 > 0 (by Proposition 1) and,
by above, il S > 0.

f(p,B)(n—1)
n[4—B(1+p)%|(3—pB—B—p)

0, which, for n > 2 is equivalent to f(p,3) > 0 (denominator is positive), where f(p,3) =

Inequality w*|y=1 > w*|,—o, by (30) and Proposition 3, simplifies to

6pB% — 2p°3% — pB2 — 4B — p?p3 — 8pB + 5p*B? + B2 + 4, which decreases in p since g—i =
—B[B%(1 = p)? +2(1 — pB)* +6(1 — pB)(1 — B)] < 0. Therefore, f(p,B) > 0 for any p € [0,1) if
f(1,8) > 0, where f(1,8) = 4+123%—443 12/ decreases in 3, i.e., minge(oq] f(1,8) = f(1,1) = 0.

The condition of RESE3 existence P; < p] holds for any n > 1 since P; decreases in n and
P1|p=1 < p} by Proposition 1. Condition pj < P holds because it holds for n = 1 (by Proposition 1)
and, as we show below, because P» is monotonic in n and pj < P» holds for n — oo. First, we
show that p} < Ps|n—c0, which, using (31) for ¢ = w*|,, 0 is % < (1—pp) (1 + Wp_ﬁ_»
S 23-pB—B) 20 < (B—pB—B)[4-B(L+p)?| & [3-BA+p)] [B1+p)? 2] < 2p. The
LHS is concave quadratic in 8 and its maximum follows from FOC: aLHS =0« 28(1+p)?° =31+

0)?+2(1+p) leading to fmM* = (51++p) Since 8™ € (1, 3] when p € [0 1), condition p} < Pa|n—oo

holds for any 3 € [0,1] if it holds for B = 1, which is (2 — p) [p(2 +p) — 1] < 2p & p(3 — p?) < 2.
Since sup,LHS = 2 when p — 1, condition p] < P2[n—cc holds for any p € [0,1) and 3 € [0, 1].

In order to show the monotonicity of P, in n, we treat n as continuous and consider % =

(n+1)2 + (n+1)2 +ati G = G (6 —w* —n(n+1)%; ], where, by (31), G2 = 9(5726)' Then
Trf = —W b — 3= pﬁpﬁ + g(p ) (n + 1) 9l )] = _(nfl)Q |:/8 - 3,p/3,pg,p - g(paﬁ)] y 1€,

the sign of % does not depend on n. Therefore, pj < P holds for any n > 1.

Note that under condition P; < p; < P», RESE3 exists for any p € [0, 1) if condition (a) holds at
p = 0 since w* is minimal at p = 0, and LHS of condition (a) is maximal. The latter is true because,
by Proposition 1, pj and Y* are decreasing in p, whereas 1 — v* attains minimum for p € (0,1)
and v*|,—0 > v*|,=1. By (30), w*|,—0 = n(%i:lﬁ) Then condition (a) is %(ﬁ - s)?1 gi 5 <

(n(”gi__lﬁ)—s) (1 —s/fB)?. For s = 0 this condition does not depend on n : (4 — 8)*~2(2—8)(3—5)% >

and holds for any § € [0, 1] because it holds at the boundaries of the range [0, 1] and the roots of
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the derivative of LHS % + % 34 are not in this range.

A.13 RPM for salvage value s > 0

The result below shows that when s > 0 and the number of bargain hunters is B > 0, in the

pr-range of RESE3, there may exist one more form of RESE with sales in both periods and po = s.

Proposition 6 (Two-period sales, po = s). RESE with & = 1,py = s,0 = pll__p’E,Y =

min{l -3 JrBaanlw}, and II" = (p1 — s)(1 — 0) — (¢ — 8)Y exists iff one of the fol-

c—S

lowing holds:
(a) salvaging is forced on retailers, i.e., n=ly > — %;
. 52 A\ e p 52
(b) condition (a) does not hold, and (8(1 —%5)" + (p1 — B) (1 — v))%m > (1-3%)%;
(c) conditions (a) and (b) do not hold, and

c.1 ifl—§+B<”—_1M, thenn—1> <=,
B

n c—s — p1——c’

S

(c.2) Y >1- 3 and there are no real roots of the equation

1.
i gy (32)

2w~ (2- 05— c/p+ V)4 (1= p/B) (- 0)

in the interval (1-0,1—3), or there is only one real root of (52) Y € (1-90, 17%) and %f[’" > ITH(Y),

where 1:1’()7) is the maximum profit of a firm deviating from this RESFE in such a way that pa > s.

Unlike RESE1-3, RESE4 cannot exist for n = 1 because a monopolist would not have an
incentive to overinvest in this setting. This can be seen, e.g., from the expression for Y. The larger
n, the easier retailers find themselves in RESE with pa = s. Condition (a) means that ps = s
regardless of supply ' because the total inventory of other retailers (”Tflff) is enough for the
salvaging outcome. Similar to RESE3, conditions (b) and (c) correspond to different attractiveness
of deviation from RESE4 by decreasing inventory. Condition (b) means that the deviator profit
monotonically increases in inventory, i.e., for the inputs that satisfy (b), RESE4 is stable with
respect to small parameter changes when p; is sufficiently far from the boundary. Condition (c.1)
results from a possibility for a single retailer to deviate to the “no second-period sales” outcome
when the total inventory is restricted by a small number of bargain hunters. When this condition
holds, the deviator’s profit is not greater than the equilibrium one. The first part of condition

(c.2) — no real roots of (32) in the interval (1 —o,1 — %) — means that the deviator’s profit has no
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local maxima with py > s, whereas inequality %ﬂT > 1:[1(}7) requires that when such a maximum
exists at y' = Y — ”Tflff, it does not exceed the profit under RESE4. The inputs where RESE4
exists only by the second part of (c.2) are close to the boundary of RESE4 existence where this
equilibrium may be unstable with respect to parameter misestimation. Conditions (a)-(c) hold if
¢ — s is sufficiently small, i.e., the cost is largely compensated by salvaging any excess units, which
makes this outcome attractive for the retailers.

Proposition 6 implies a necessary condition ¢ < 1 (there are first-period sales). This condition
is equivalent to the upper bound p; < 1 — p(8 — s) = P, signifying that a high MSRP precludes
salvaging outcome. Alternatively, this condition yields an upper bound on the customer’s discount
factor: p < (1 —p1)/(8 — s). As long as the product is durable enough for 1 — p; < 8 — s to hold,
highly strategic (with p near one) customers guarantee that the salvaging outcome is impossible.
Since Py, < P, (the bound that separates RESE2 and 3), P, separates RESE4 and 3.

The possibility of salvaging outcome raises the questions: What is the maximum DSC profit
1P%* under RESE4 when s > 0, and what is the manufacturer strategy if IIP** < IIP3*? The

proposition and discussion below answer these questions.

Proposition 7. When the second-period price is s = const such that 0 < s < % 2 5 and the

2
number of customers with valuation s is B > 0, the wholesale price w* = s + (fn_(i)_[i/_;f;((i:%) )

which increases inn and decreases in p, and p; = % [1—pB+s(1+p)|lead tov* = %ﬁ;p), Y* =
1 —s/B+ B, and the profit of DSC TIP* = W +5(1 —s/B+ B), which is less than TIP*
for n =1 provided in Table 1 iff sB < Bi@i%ﬁ()l(i:)g)]z - S(lg—p) + 32(21&?(_1;%)2). For these equilibrium

. ‘ : 1-s/B
values, condition (a) of RESE/ existence holds iff B > TJI

The salvage value in this proposition is bounded from above by § to focus on interesting cases.
As shown in the proof, § > /2, i.e., for § = 1, § exceeds the optimal manufacturer’s one-period
price, which is implausible for salvage value. This bound is equivalent to the requirement v* > p}
(or s < piB) for any 0 < p < 1 assuring a non-trivial role of strategic customers in RESE4.

Unlike the studies with exogenously fixed retailer cost, the proposition considers a limited
number of bargain hunters because the manufacturer’s optimal profit is unbounded when B — oo
and customer valuations exceed the manufacturer’s unit cost. This effect can be seen from the

expressions in Proposition 7 for II”%* and w*, where w* — s when B — oo, implying ¥ — oo.
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Unlike previous cases (Propositions 1, 3, and 5), w* decreases in p because, for a fixed unit cost,
retailers reduce the inventory in p while the manufacturer keeps it at the maximum level.

The bound on the profit from sales to the bargain hunters sB shows that when this profit is
relatively high, the total DSC profit under RPM and salvage sales may exceed the two-period profit
of DSC with one retailer, which, by Proposition 1, is higher than the profit of CSC.

On the other hand, the lower bound on B, which is equivalent to condition (a) of RESE4
existence, shows that RESE4 may exist for a large number of retailers and small s and B . Then

P4 is less than

the condition for sB, which does not depend on n, may hold implying that profit
I17* given in Table 1. In this case, the manufacturer has at least two options to avoid RESE4. First,
the wholesale price can be set sufficiently higher than s, e.g., to satisfy condition (b) of RESE3
existence in Proposition 4. However, since such a wholesale price is suboptimal, DSC profit may
be less than the one of CSC. Another option follows from retailers’ indifference among equilibria
due to the fixed fee. Therefore, the manufacturer can “bribe” the retailers by a marginal decrease

of the fixed fee for ignoring the opportunity of salvage sales. Since this decrease can be arbitrary

small, the profit of DSC will still exceed the one of CSC.

A.14 Proof of Proposition 6 (RESE4)

We start by identifying candidate solutions for a symmetric equilibrium with given expectations.
When ps = s, the equilibrium is possible only with sales in both periods, and rationality requires
that v™" < 1 and @ = 1. We rule out uninteresting cases by considering s < Bp;. If this condition
does not hold, it can be shown that, in a two-period RESE, the second-period price cannot exceed
s, vénin = p1, and strategic customer behavior has no effect on any market outcome.
By parts 1.4 and 2 of Lemma 10, the profit function is strictly concave when y* > (1 —s/B— Y‘i)Jr

and, by part 1.1, the optimum cannot occur at y* = 1 — s/8 — Y ~. Then the candidate is found
either from FOC or it equals the total number of buyers, 1 — s/ + B (1 — v™" in the first period,

v™ — s/B + B in the second one), if this number is less than the local maximum. Using (21)

for ?91;; and, by symmetry, Y ! = "T_IY, 0= %1;: = —(c—s)+ % (pl —s) (1 - Umin) = —(c—
s)+ 251 (p1 — s) (1 — v™™) . The unique solution is ¥ = "7_1%

expectations and Lemma 1, o™ = ¢ = 11—;,;%9‘ In general, Y = min {1 —s/B+ B, %W} .

The total equilibrium profit is IT" = —¢¥ +p1(1—0) + s [f’ - (1- @)} = —(c—s)Y +(p1—3)(1 ),

, where, by rationality of
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which is the expression for II" in the proposition.

We now analyze when the candidate point is indeed a RESE with ps = s, and start by checking
that it is within the ranges p1 < v < 1 and Yy >1-— s/B, which provide necessary conditions
for RESE existence. The second condition is the domain restriction of §A.9.3. It is equivalent to
p2 = s and follows from either of the conditions (a), (b), and (c¢) in the proposition statement.
Since the equilibrium cannot result in Y=1-s /B, by part 1.1 of Lemma 10, the second condition
is strengthened to Y > 1 — s/3 under which cases (a), (b), and (c¢) become exhaustive. Since
1 —s/p > 0, the resulting strict positivity of Y implies that ¢ < 1. Similarly to RESE3, v = py
if p =0, and it can be shown that v > p; if p > 0. Indeed, © > p; is equivalent to % >p &
p1— ps > p1 —pipB & —ps > —p1pf < p1 > s/, which always holds in this problem.

It remains to establish that the exact conditions ensuring that Y /n is the global optimum of the
profit function are indeed provided by the exhaustive (under condition Y > 1 —s/f) cases (a)-(c).

Condition (a), i.e., ”T_lff > 1— 2, means, by (5), that py = s independently of the inventory
decisions of individual retailers. By part 2 of Lemma 10, the profit function is globally strictly
concave in this case and Y /n is indeed its unique global maximum.

In case (b) of the proposition, condition (a) does not hold, i.e., po = s may or may not hold
depending on the decisions of individual retailers. Nevertheless, the maximum of the profit is

unique and occurs when po = s as long as the profit function is strictly increasing in the interval

oI
Oyt

corresponding to p2 > s. This is ensured by > 0, which, by part 1.5 of

yi=1-s/B-Y -0
Lemma 10, implies pseudoconcavity of the profit function. Using (18), the last condition is

GIIg i ; s v\, (=B — vy

: =B (1-Y")—ct+p (1 —0™" —25(1——Y1>—l— >0,
(9yz yi=1*%*Y7’i*0 ( ) ( ) B (1 - 8/5)2
which, after collecting the terms and substituting ¥~ = %Y and v™ = 9, can be rewritten as

([3 + %) ”T_lff > ¢+ [0 — 2s, yielding condition (b).
o’

In case (c) of the proposition, condition (b) does not hold, i.e. o < 0. Then,

yi=1—s/8-Y ~i—0
there exists a local maximum of II? without or with the sales in the second period and ps > s. In

other words, there exists such an inventory decision ' of a deviating retailer that

. o 1. 1.
g’éargmax{ﬂz(yl)\yle [max{o,l—f)— n Y},l—s/ﬂ—n Y)}
n n

or, denoting ¥ £ §' + ”Tflff, Y € [max{l — 0, %Y} ,1— s/ﬁ) . Then the equilibrium with
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P2 = s exists only if

I 2 IT'(7°) < II' = 11" /. (33)

Consider this condition at the left boundary of the range for 4. If * = 0, then IT* = 0 and (33)
holds trivially. If j = 1 — 6 — %17, then ' = (15 — %217 (py — c). Note that both ' and
I’ decrease in Y, which is intuitive for IT¢ because, for a smaller Y, it takes less “effort” (in terms
of reduced individual inventory) for a deviator to achieve the outcome with the first-period sales
only. As a result, both ¢’ and I are greater for smaller Y. For f[i, a smaller f/, ceteris paribus,
leads to a smaller second-period loss, i.e., when Y is less than the total inventory obtained from
FOC for individual retailer profit, the total, and therefore, individual profits of symmetric retailers
are greater. This effect results from retailers market share competition and inventory-dependent
demand in the first period.

The case Y = ”Tflw leads to §' = (1—10) [1 - (”771)2 e 5] Then, by §A.9.1, there are
no sales in the second period and IT* = (1 — ) [1 - (”7_1)2 %} (p1 — ¢). After substitutions for I’

and IT, and multiplication of both sides by %, condition (33) becomes n? — (n — 1)2 P1zs

c—8 —

P1=2 " which always holds. Indeed, let g( ) £n? — (n—1)?2=2 Then ¢'(n) = 2n —2(n — 1)2=2 =

p1i— c—s
9 npl c pcl ss] and ¢ (n) = defined by the
condition ¢'(n) = 0, I8 Nmax = gi:i

2 2 2
B _(p1—s p1—s pi—s _pi—s[pi—s (c—s)" 1 | p1—s
gmax_g(nmax)_ - _1 —_ — = .

p1—c p1—c c—s pir—c[pp—C pL—CcC—S p1—c
Ify =1- 3 + B (B is small), 7 o=1-9— —(1—7+B>, which is greater than for
?:%%,leading to a greater II" = [l—v——(l—f—i—B)} (p1 — ¢). RESE4 profit

is I = 1 [(pl—s)u—@)—(c—s) (1—7+B)} =1 [(pl—c)( ) — (c—s)( +B)]
Then, multiplied by ", condition (33) is (1-0)n—(n—1) (1 — s/ + B) < (1-0)— =% (0 — 5/ + B)

©-m-1)(0—-s/+B)<—7=(0—s/B+B) < n—12> =%, which is condition (c.1).

Finally, the RESE with ps = s may also exist if there exists an internal local maximum IT*(7%) <

- = 0. In this case,

II* with ' = Y — "Tflff such that max {1 0,
yz:yz

Y}<Y<1——and 81;

formula (16) from §A.9.2 yields the expression for II’ in condition (c.2):

= (7 -2 [ (1-¥) - e pa oy + 222020
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where Y is a zero of the profit function derivative (18), which, in this case, is

OIT n—1, n—1, n—-1Y
0= Y | — 1-9)—-28lY ——Y —B)(1 -1 —.
o = (1= ) —er s 026 (v - T ) - - 0"
After multiplication by —Y?2/ this equation becomes
2Y3 + asY? + a9 =0, (34)

which is equation (32) if one substitutes the coefficients ay = ¢/8 — (1 — 9) — (1 + ”T_lff) =
—(1-v)—(1 - C/B)—%? <0,and ag = (1—p1/ﬁ)(1—f))”771f/. Since, by part 1.3 of Lemma 10, the
profit function of the deviating retailer is pseudoconcave on (1—0— —Y)JF <y <1-s/B— 117,
Eq. (34) may have at most one root on this interval.

A cubic equation with real coefficients has at least one and up to three real roots. If the roots

are irrelevant, there is no internal maximum and a boundary maximum cannot exceed II* as shown

above. If there is a relevant root, a comparison of II" and II¢ determines the existence of RESE.

A.15 Proof of Proposition 7 (RPM with RESE4)

When the second-period price is s = const > 0, the total number of regular buyers is 1 — s/

(1 — o™ in the first period and v™" — s/3 in the second one). DSC profit is ITP* = p, (1 — vmin) +

s[Y — (1 —ov™n)], where, by Lemma 1, o™ = pf:’; if, for p > 0,8 < p18 (i.e., pll:pp; > pp) and

™ = p; otherwise (the values of p; leading to v™® = 1 are obviously suboptimal here). Since

174 is unrestricted in Y, the manufacturer sets w* leading to a maximal Y = 1 — s/3 + B, which,

using the expression for ¥ in Proposition 6, is 1 — s/ + B = n=1PL=8(1 _ §). This equation yields

w(p1,?) = s+ % Then ITP* = (p; — s) (1 —v™™) + s (1 — s/B+ B), and assuming

s<piB, FOC 2 — g =1— 2’“57(};”7) yields p; = 2 [1 — pB+ s(1 + p)]. Then condition s < pi 3

Op1
1 _ /. _ 2(1—
becomes 25 < B[l —pB+s(l+p)] & s < % =5 (inf,5 = g since g—z = —% <0),
which holds by the assumption of the proposition. This p] leads to v* = %‘W. Since

p’l‘—s:%[l—pﬁ—s(l—p)]:(1—1)*)(1—p6),wehaveHD4*—w—l—s(l—s/ﬂ—l—B)

4(1-pB)
2
(fnf(ﬂi/fg f;;g:/’j %]) , which increases in n and decreases

. Ow* n—1)[1—pB—s(1—p)]|[B(1—pB)—s(2—pB—p
in p because B = — (o= p4n(1(_5/”6)1£é)(1€36)2( P8R (

1—pB+s(l—p)<2(1—pp)<s(l—p) <1-—pB always holds.

and the expression for w* becomes w* = s+

since s < §). Inequality v* < 1 <

2
Inequality ITP** < I1P*|,,—;, by Proposition 1, is W +s(l—-s/8+B) < % &
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sB < 4([14 %ﬁ()l(i:)p)} S(lgp) +2 (jﬁ(f(l,;g;) ) Condition (a) in Proposition 6 becomes - (1 — s/8 + B) >

1-s/Be B>-L-(1-s/8).

A.16 Proofs of auxiliary statements

Proof of Lemma 10 (properties of the profit) Part 1.1 can be shown by direct substitution of

y' = 1—s/B—Y ¢ (which is strictly positive by the condition of part 1) into the expressions for %I;:

=B(1-Y ) —c+p(1 —umin)—25(1—%—y—i>+

defined by (18) and (21): 2L

9y yi=1—s/8-Y =0
Y “i(p1—B)(1—vmin) .. R, min —i (p1—B)(1—v™in) o’ _
(1s/0)2 = —c— ™ 4+2s+Y <5 T i ) and O |yt foy—ivo c+s+
Y~ ’%. These expressions imply that part 1.1 holds iff s—gv™"+Y (ﬁ + %ﬂg;}mm)) <
; s)(1—opmn L. . i —i —s)(1—vmin —i —omin
Y‘Z—(p1 (1)_(8/5)2 ),Wthh is equivalent to s—Sv™® <Y [(6 (1)—(3/5)2 ) _ /3} =Y {76(1173/5 ) /3} =

%%m), which holds because s < fv™" and, by condition of part 1, Y% <1 — s/8.

As II* is continuous, i.e. II*(1 —s/B8 —Y " —0) = II'(1 — s/8 — Y~ +0), we can show part 1.2
using either (16) or (20). From (20), II'(1—s/8—Y ) = (1 -5 —Y‘i) {s —c+ (m_i)(i/_;m])] =

(1-s/B)(c—s)

For part 1.3, rewrite (19) as 88(??;2 = & [BY3+ (p1 — B)(1 —v™™)Y ], As Y > 0, RHS

of this equation is negative (IT* is strictly concave) iff BY3 + (p1 — B)(1 — v™1)Y > 0. Equality

(1 = Y‘i) (c—s) [(m_s)(l_vmm) - 1] , which yields the result of part 1.2.

Y =1 — v™" holds only at the left boundary of the domain of the profit function. For all other
points in the domain Y > 1 — ™" > 0 and we have 8Y?3 + (p1 — 8)(1 — v™)Y > (1 — v™in)2y +
(p1=B) (1 —v™™Y = [B(1 —v™") +p1 = B)(1—v™)Y = [p1 — fr™](1 —v™™)Y > 0if py > foit

(a sufficient condition for strict concavity of IT¢).

min

. Although II’ may be non-concave in this case, 88( H) = —208|1+ (5

1)(1 - vmm)yy—?} is monotonically decreasing in y’. Therefore, if I’ has an inflection point, this

Suppose p1 < [v

point is unique and corresponds to the total supply level Y such that Y3 = (1 — %1)(1 — pMin)y =t
Consider an extension II* of I’ in the form (16) to the domain y* > (1 — o™ — Y ~%)*. In terms

of the total supply, this domain is equivalent to ¥ > max{(1 — v™), Y ="}, We will prove that I

is pseudoconcave implying the claim of part 1.3 for the case of p; < Sv™n.

Equation (16), divided through by y¢, implies that I = 0 iff y* = 0 or (1 —Y) — ¢ +

mln)

15} (1 — vmin) + % = 0. After multiplying by —Y/f, this equation becomes
Y2 (2= /B — oMY + (1 pi/B)(1 - v™) = 0. (35)

29



Its properties are explored in the following lemma.

Lemma 11. For any feasible ¢, s, v™™, and p1 < B3, the real roots Yi2 of Eq. (35) exist and satisfy

the conditions: 0 <Yy <1 — o™t <V, <2— (c/ﬁ + vmi“) with Y, = 1 — p™in only if pmin — 1

By Lemma 11, the roots Yj 2 of (35) always exist and 0 < Y} <1 — ™ < Y, where V] <
1 — o™ unless v™™ = 1. Using these roots, we can express I’ as the following function of Y:
' = —2(Y — Y)Y — Y1)(Y — Ya). Moreover, by (35), Y1Ya = (1 — p1/B)(1 — v™™), and the
inflection point has the form Y3 = V1YoV 7 e, Y is the geometric mean of Y7, Ys, and Y 7.
Because the second derivative is decreasing, I is strictly concave to the right of Y -y~ i

There are three possible locations of Y~ relative to Y] < Ys. First, if Y™ > Y5, then 1 — o™i <
Y=, Y < Y~ and II’ is nonpositive and strictly concave for all y* > (1 — o™i — Yy =H+ In this
case, the claim of part 1.3 holds.

Second, if Y™ < Y;, then Y™' <1 — o™t V < ¥y, I is nonnegative for (1 —v™® — Y ~H)+ <
y' < Yy — Y~ and nonpositive for y¢ > Y5 — Y. Because II' is concave for y* > Y — Y~ and
changes its sign from positive to negative at Y5 — Y% > Y — Y it is also decreasing for all
y' > Yo — Y. However, when 1 — ™" < Y II’ is convex in the interval [1 — o™ — Y~ ¥ — Y 7.

Third, if Y1 < Y% < Ys, it is still true that ¥ < Y3, II’ is nonnegative for (1 — o™ — Y )+ <
y* < Yo — Y ! and nonpositive, decreasing and strictly concave for y* > Y, — Y%, It is also true
that, when max{(1 — v™"), Y~} < Y, II" is convex in the interval [(1 — v™® — Y=+ yV — Y],

We combine the cases two and three by observing that in both of them IT’ is nonnegative for
[(1 — o™ — Y~=H+ ¥y — Y~ and decreasing as well as concave for y* > Y3 — Y ~%. Thus, there is

no local minimum for y* > Y5 — Y. We complete the proof of part 1.3 using the following lemma.
Lemma 12. IfII' has an internal (local) minimum (y")min, then TH((y")min) < 0.

Lemma 12 implies that IT* has no local minimum in the interval ((1 — o™ — Y =)F Y, — Y —0).
Thus, IT? has no internal minima in its entire domain, is strictly increasing when it is convex and,
therefore, is pseudoconcave.

Parts 1.4 and 2 follow directly from (21). Part 1.5 immediately follows from parts 1.3 and 1.4.

Indeed, condition %HZ . <0 implies that IT" is decreasing for y* > 1 — 3 =Y " (by
v yi=1-5-Y~i+0

concavity on this interval). Combining this observation with pseudoconcavity for y* < 1 — % -y
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we obtain pseudoconcavity for the entire domain. Slmllarly, Z > 0 implies that IT?
y'=1—-5-Y~i=0

is strictly increasing for 3* < 1 — % — Y, again, leading to pseudoconcav1ty for the entire domain.

Proof of Lemma 11 (the roots of II'(Y) = 0) The discriminant of (35) is D = (2 — ¢/ —
w2 —4(1—py/B)(1—v™) = (2—c¢/B—v™")? —4(L—c/B)(L—v™") = (v™" —¢/B)? > 0, where

the first inequality is strict unless v™™ = 1 because p; > ¢, whereas the second inequality is strict
unless v™" = ¢/B. Therefore, D > 0, the real roots given by Y o = %(2 —¢/B —v™ £/D) always
exist, and Y7 < Ya. As p; < 3, we have 4 (1 —p1/83) (1 —v™1) >0 and Y12 € (0,2 —c/p — vmin) i
If ™" = 1, the roots are Y1 = 0, Yo = 1 — ¢/f3, and the claim of the lemma holds.
If v™» < 1, then D > (Umin — 0/6)2, and an upper bound on Y7 is ¥} < 1 — %(c/ﬁ + pmin)

% ‘vmin - c/ﬂ| =1 —max {c/B,v™"} < 1 — v™" which, in turn, is a lower bound on Y : Y5 >

— %(C/,B—I-Umin) +%‘vmin_6/6‘ =1 —min{c/ﬁ,vmm} > 1_vmin

Proof of Lemma 12 Function IT, its first and second derivatives are given, respectively, by (15),

(17), and (19). If an internal local minimum g’ of I’ exists, it must satisfy the conditions

ITi
gyi = 0, and (36)
Y =Ymin
0211
Y > 0 (37)
(v) Y =Y hin

min

Using (36) and the expression for 2 T/ we obtain B (1 —Y) —c+[p1 — B(1 - Y)] L= =

: 1— min 1— min : min
= st |1 (B =) B =t 1 (B 1) |- o9

Since LHS of (38) multiplied by y* matches the expression for I, it follows that

) 1— ,Umin
g, = 021 (5 1) S5 @
Condition (37) and the expression for the second derivative of IT* imply that, at y* = Yinins <ﬂ -

B
1) (- <

< (yrlnin) p [1 B Y*i] <
0, which is strict because, here, we consider only y* > 0.

ﬁi

(39), we obtain IT!

y ymln
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